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ABSTRACT OF DISSERTATION

Developing a Valid Screening Tool for Assessing Nutritional Adequacy
and Osteoporosis Risk Among Vegans in the United States
by
Patricia Dyett
Doctor of Public Health in Nutrition
Loma Linda University, Loma Linda University, 2005
Sujatha Rajaram, Chair

The vegetarian lifestyle in the United States has increased significantly over
recent decades. With this growth trend, it has become necessary to assess the pros and
cons of vegetarian diet patterns, particularly with respect to nutrition adequacy and
chronic disease concerns.
The vegan diet engenders more concern than other common vegetarian
lifestyles because it seeks to replace all nutrient-rich animal food products with only
plant foods. Consequently, there are concerns of compromised protein, calcium.
vitamin D, vitamin B12, n-3 fatty acid, zinc, and iron status. Moreover, because of
typical vegan diet phenomena such as low BMI, low protein intake, low circulating
estrogen, alongside potentially compromised calcium and vitamin D status,
osteoporosis is the major chronic disease concern in vegan lifestyle practice. This
study therefore proposed that a well-developed and validated food frequency
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questionnaire (FFQ), can be effectively used as an assessment tool to address the
nutrition-related concerns pertaining to vegans.
The study was an observational study, with a four-phase purpose: (a)
Developing a quantitative vegan FFQ de novo, (b) Validating the FFQ against three 24hr diet recalls, (c) Evaluating specific nutrient intake adequacy among vegans,
according to standards of the US Dietary Reference Intakes (DRIs), (d) Determining
possible diet-disease association by comparing the FFQ assessment with bone test
values.
Samples of 50, 100, and 30 vegans were used for the FFQ-develoment phase,
the validation and nutrition assessment phases, and the the osteoporosis-risk phase,
respectively.
Based on Pearson’s correlation coefficients (rK).38-0.61), the vegan FFQ was
valid for 6 nutrients. Comparison of mean observed intakes with the US DRIs
demonstrated intakes above the recommended for protein, iron, and n-3 fatty acid; but
below the recommended for vitamin D. The EAR cut-point probability approach
demonstrated higher than 80% adequacy for intakes of protein, n-3 fatty acids, and
iron; and lower than 5% adequacy for intakes of vitamin D.
Regression models showed no association between bone test values and the
nutrients of interest. However, significant association was observed between bone test
values and specific FFQ support questions; and descriptive data observations suggest
that this sample of vegans may not be at high risk for osteoporosis.
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CHAPTER 1
INTRODUCTION
A.

Statement of the Problem
1.

A Needfor Nutrition Assessment Amidst Increasing Vegetarian Interest
In the United States, there has been increased interest in the

vegetarian lifestyle over recent decades (Stabler, 1994; The Vegetarian Resource Group,
2000; National Restaurant Association, 2001; Sabate, Duk, & Lee, 1999). With this
growing vegetarian interest, it has become necessary to assess and assure the nutritional
adequacy and benefits of vegetarian diet patterns.
Increased endeavors in nutrition assessment among vegetarians is especially
timely since review of literature shows that although well planned vegetarian diets can be
nutritionally adequate, healthful, and beneficial in preventing/treating certain chronic
diseases, there remains specific nutrient and chronic disease concerns (American Dietetic
Association, 2003). Furthermore, since there are no diet assessment tools specific to US
vegans, it would be useful to explore de novo development of the same.
2.

Concerns Related to the Vegan Diet
Among the more common types of vegetarian diets, the vegan diet

sparks the most concern. This is because it completely omits food products from an array
of animal sources like meat, poultry, fish, eggs, and dairy that are rich in various selected
nutrients, and includes only plant-based foods. Plant foods are very rich sources of
important nutrition elements such as vitamin C, folic acid, magnesium, provitamin A,
dietary fiber, potassium, copper, vitamin E, and non-nutrients like phytochemicals
1

(Messina & Messina, 1996). But there are concerns of inadequate intakes of nutrients,
particularly protein, calcium, vitamin D, vitamin B12, n-3 fatty acids, iron, and zinc
within the vegan population (ADA, 2003) since plants foods are not rich sources of these
selected nutrients.
a Concerns of Inadequate Intakes of Protein. Plant proteins provide less
total protein per unit of food (Whitney & Rolfes, 1999), lower digestibility for humans
(Messina & Mangels, 2001), and except for soy protein, less essential amino acid quality
and usability than animal proteins (Young, Fajardo, Murray, Rand, et al, 1975). Use of
appropriate amounts and a variety of plant proteins can no doubt address this concern.
The problem is whether the typical diet of vegans provides adequate, and a variety of
plant proteins.
b. Concerns ofInadequate Intakes of Calcium & Vitamin D. For calcium,
dairy products have been identified as rich natural sources (Whitney & Rolfes, 1999), and
some have been fortified with vitamin D to enhance absorption. A reasonable source of
calcium is also obtained from green leafy vegetables. However, for vegans who mostly
consume leafy vegetables like spinach and Swiss chard, bioavailability is reduced due to
the high oxalate content in these foods; but low oxalate leafy vegetables like bok choy,
broccoli, cabbage, collards, and kale, as well as soy products (even though high in
oxalates) can provide sufficiently usable calcium when consumed in appropriate amounts
(Weaver, Proulx, & Heaney, 1999; Heaney, Dowell, Rafferty, & Bierman, 2000). It is
therefore important to assess whether the typical vegan diet actually contains sufficient
low-oxalate vegetables, soy foods, and vitamin D-fortified foods, for adequate calcium
and vitamin D nutrition.
2

c. Concerns of Inadequate Intakes of Vitamin B12. With respect to vitamin
B12, vegans will not obtain significant amounts of active vitamin B12 from plant foods,
unless these foods are fortified (ADA, 2003; Dagnielie, Staveren, & van den Berg, 1991).
Some vegans use fermented soy products, sea vegetables and spirulina for their vitamin
B12 intake; But these are unreliable sources which has resulted in less than adequate
nutritional status (Janelle & Barr, 1995; Messina & Messina, 1996, Herrmann, Schorr,
Purschwitz, Rassoul, et al, 2001). Monitoring and assessing intakes of vitamin B12
fortified foods and supplements are therefore important aspects of the vegan lifestyle.
d. Concerns ofInadequate Intakes of n-3 Fatty Acids. Fatty fish, DHAeggs, and sea vegetables are the only rich and direct sources of the physiologically active
long-chain n-3 fatty acids, eicosapentanoic acid (EPA), and docosahexanoic acid (DHA);
Therefore, vegans who do not use sea vegetables and DHA-rich micro algae, are not
exposed to direct sources of EPA and DHA (ADA, 2003). As such, there should be
nutritional assessment of whether plant foods like flaxseed and walnuts, which contain
significant amounts of the precursor to EPA and DHA - a-linolenic acid, are sufficiently
included in the typical US vegan diet.
e. Concerns ofInadequate Intakes of Iron. Plant foods contain mainly
non-heme iron that is less bioavailable. The more bioavailable iron form is heme iron,
which is found in animal products. Substances that enhance non-heme iron absorption
include vitamin C, other organic acids, and fermented soy products. Substances that
inhibit non-heme iron absorption include phytates, plant polyphenolics, soy protein,
calcium phosphates, milk and egg, tea and coffee, bran, high zinc supplementation (Craig
& Pinyan, 2001).
3

f. Concerns of Inadequate Intakes of Zinc. The richest sources of zinc are
protein-containing foods like meat, fish, and poultry. High amounts of fiber and
phytates can bind zinc and limit its bioavailability (Hunt, 2003; Whitney & Rolfes, 1999;
Janelle & Barr, 1995; Messina 8c Messina, 1996). Because plant diets are high in fiber
and phytates, this places vegans on the alert for careful monitoring of zinc intake and
status.
g. Concerns ofSpecific Chronic Disease. Apart from nutrient concerns,
the risk of developing osteoporosis is the major chronic disease concern with respect to
the vegan lifestyle (ADA, 2003). This has been attributed primarily to the typically low
BMI of vegans, their high consumption of sulfur-containing grains, their relatively low
protein intake, their lower serum estrogen levels, and their increased calcium and vitamin
D needs (Chiu, Lan, Yang, Wang, et al, 1997; Kerstetter, Svastisalee, Caseria, Mitnick et
al, 2000; Marsh, Sanchez, Michelsen, Chaffee, et al, 1988; Hu, Zhao, Jia, Parpia, et al,
1993; Outila, Karkkainen, Seppanen, & Lamberg-Allardt, 2000; Lamberg-Allardt,
Karkkainen, Seppanen, & Bistrom, 1993).
Apart from the more commonly reported nutrient-related factors like calcium,
vitamin D, and type of protein (animal/plant), the other nutrients of concern in the vegan
diet - vitamin B12, n-3 fatty acids, iron, and zinc, may also be related to osteoporosis risk
(Dhonuksshe-Rutten, Lips, de Jong, Chin, et al, 2003; Ilich, Brownbill, & Tamborini,
2003; Kruger, Coetzer, De Winter, Gericke, et al, 1998; Fernandes, Lawrence, &
Dongxu, 2003; Albertazzi & Coupland, 2002).

4

B.

Purpose of the Study
The primary purpose of the study was to develop a food frequency

questionnaire (FFQ) that would serve as a nutrition-screening tool for vegans in the
United States. Furthermore, the study was aimed at validating the FFQ for comparable
nutrient analysis of protein, calcium, vitamin D, vitamin B12, n-3 fatty acids, iron, and
zinc, found in foods consumed by US vegans, by comparing it against a ‘reference
method’ - three 24-hour diet recalls. Additionally, the purpose of the study was to
determine the screening potential of the vegan FFQ by: (a) Evaluating the targeted
nutrient intakes, as measured by the FFQ for vegans, according to the standards set by the
US Dietary Reference Intakes (DRIs) for adequacy of nutrient intakes, (b) Comparing
the FFQ assessment of the targeted nutrients to the Contact Ultrasonic Bone Analyzer
(CUBA) bone density test, for possible diet-disease association.
C.

Research Questions
1.

Are the intakes of protein, calcium, vitamin D, vitamin B12, n-3 fatty

acids, iron, and zinc for US vegans, as measured by a FFQ developed de novo,
comparable with the nutritional assessment from a ‘reference method’ (three 24hr diet recalls)?

2.

Can the nutritional assessment from the validation phase of the study be

used to evaluate adequacy for intakes of protein, calcium, vitamin D, vitamin B12,
n-3 fatty acids, iron, and zinc, when compared to the US DRIs?

5

3.

Can the FFQ be used to determine an association between differences in

nutrient intake for protein, calcium, vitamin D, vitamin B12, n-3 fatty acids, iron,
and zinc, and osteoporosis risk as measured by the Contact Ultrasonic Bone
Analyzer test for osteoporosis?
D.

Hypotheses
1.

General Hypothesis
An appropriately developed screening tool for vegans can be

comparable to a superior reference method in assessing specific nutrient intakes,
evaluating selected nutrient intake adequacy based on US Dietary Reference Intakes,
and determining a possible relationship between the US vegan diet and osteoporosis
risk.
2.

Specific Hypotheses
a. Validation Phase. Hq: r<0.3;HA.‘ r>0.3.
b. Osteoporosis Risk Phase. Hq.' bi = b2 ... = bk = 0; FU: not all bj = 0.

E.

Theoretical Justification
A nutrition screening system that involves the use of a well-developed and

validated nutrition-screening tool can serve as a significant step in addressing nutritionrelated concerns of the vegan population. Various food frequency questionnaires have
been used to assess: (a) adequacy of nutrient and food consumption patterns (Coates,
Eley, Block, Gunter, et al, 1991; Martin, Lockwood, Kristal, Kriukov, et al, 1997), (b)
diet patterns and nutritional status of target population groups (Haines, Chung, Leung,
Leung, et al, 1994; Tucker, Nianchi, Maras, & Bermudez, 1998), and (c) associations of
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diet and chronic disease risk (Potischiman, Weiss, & Swanson, 1998; Rimm, Willett, Hu,
Sampson, et al, 1998).
However, based on the review of literature, no FFQ has yet been developed and
validated for specifically assessing the adequacy of vegan diets. Neither has there been
any FFQ designed to simultaneously assess nutritional status and screen for risk of
osteoporosis. This study is therefore unprecedented in these endeavors.
F.

Significance to the Field of Nutrition
The food frequency questionnaire for vegans can be an effective screening

tool for assessing and ensuring nutritional adequacy, and preventing osteoporosis in the
potentially high-risk vegan population in the United States. Nutrients of concern that are
identified to be used in less than recommended amounts by the study, can be practically
targeted by the vegan populace since the FFQ food list provides a list of typical foods
used by US vegans, which provide the nutrients of interest. Peri-menopausal and post
menopausal vegan women can also benefit from knowing that there are other specific
nutrients and factors apart from the commonly known (calcium, vitamin, D, and protein)
which impact bone health, and therefore should be considered when choosing and
preparing foods. This study identifies some of the plant-based foods that provide the
various targeted nutrients.
Results from the study can also be used to develop and disseminate appropriate
nutrition education modules for living healthful vegan lifestyles. Rajaram and Sabate
(2000) suggest the importance of defining and planning optimal vegetarian diets,
identifying components of healthy vegetarian patterns, and establishing appropriate
vegetarian food group servings, not only from the standpoint of nutritional adequacy, but
7

also of disease prevention. Thus, this study outcome can form the basis for developing
and designing informative and useful tools and materials such as:
> Vegan Food Pyramids
> Exchange Lists for Vegans
> Educational Posters
> Food Composition Charts
> Vegan Manuals
> Interactive Online-Nutrition Assessment Tools
> Vegan Recipe Books
> Insightful literature appropriate to both the lay and scientific community
Furthermore, dietary assessment of the United States vegan population via a food
frequency questionnaire-screening tool can prove to be very cost effective when
compared to other nutrition assessment methods. Assessing dietary intake of vegans
across the United States can prove to be very costly logistically and financially, if diet
assessment methods such as weighted diet records, biochemical tests, diet histories, etc.
are the assessment tools used. Thus, future attempts at assessing the diet of vegans,
particularly if usual intake is the factor of interest, would benefit from the use of
appropriately developed, self-administered food frequency questionnaires.
Finally, findings from this study can serve as a basis for future research
endeavors, especially in longitudinal study designs and clinical trials. This study
therefore paves the way for expanded research in this targeted sub-population. Follow-up
studies on subjects who are practicing a vegan lifestyle for many years can bring to the
research community a wealth of information that may not be possible to obtain from
8

short-term studies. Data results from this study can also be used as the premise for future
research designs that can focus on use of various biochemical markers, and ultimately
establishing causality in specific vegan diet-disease relationships.

9

CHAPTER 2
LITERATURE REVIEW
A.

Overview
Between 1984 and 1994, the vegetarian population in the United States

doubled in number from a little over 6 million to 12.4 million (Stabler, 1994), and interest
in vegetarianism in recent years, has shown a definite growth trend (The Vegetarian
Resource Group, 2000; National Restaurant Association, 2001; Sabate, Duk, & Lee,
1999). This increased interest in vegetarianism has been influenced by various factors
such as animal welfare, ecological conservation, religious influences, and health benefits
(Janelle & Barr, 1995; Dwyer, 1991). With respect to health benefits, review of different
studies has shown how specific plant-based food elements can improve health indicators
(Sabate, 2001). However, while these health benefits have been demonstrated, there
remains concern that they can be matched by potential health risks in terms of nutritional
adequacy and chronic disease outcome. The vegan diet engenders particular concern
since it typically excludes all food products from animal sources. Foods such as dairy,
meat, poultry, fish, and eggs, are known to be rich, bioavailable sources of selected
nutrients that may not be as readily obtained from plant sources. There is therefore need
for close monitoring and ready assessment methods to ensure optimal health in this
particular group of vegetarians in the United States.
The following sections identify seven nutrients that require close monitoring
when on a vegan diet, and seek to describe how these nutrients and other vegan lifestyle
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factors impact osteoporosis as being the main chronic disease risk in this particular
population.
B.

Health and Nutritional Status of Vegetarians
Identifying nutrients of concern in a vegan diet can best be approached

against a backdrop of the general health and nutritional status of vegetarians. In the early
^OO’s, nutrition advice and emphasis was on high energy foods due to the then
prevailing infectious and deficiency diseases. As such, animal food products represented
a very large proportion of the foods emphasized (Nestle, 2002; Craig, 1999). Different
authors (Sabate, et al, 1999; Messina & Messina, 1996) show that in the mid 1990’s, diet
regimens without animal foods were typically viewed as deficient, and reflective of cult
like behaviors (Dwyer, Meyer, Dowd, Kandel, et al, 1973; Erhard, 1974); and most early
studies on the vegetarian diet typically presented negative connotations.
In time however, disproportionate consumption of high calorie, high fat, and high
cholesterol foods soon produced a shift from deficiency diseases prevalence to chronic
disease prevalence (Nestle, 2002), and a resultant change in diet emphasis. Thus, by the
mid to late 1900’s, Americans were being advised to eat more plant-based foods
(Messina & Messina, 1996; Willett, 1999) and practice moderate use of animal foods
(Nestle, 2002).
Review of literature has shown that vegetarians demonstrate lower rates of
obesity (Singh & Lindsted, 1998; Key & Davey, 1996; Appleby, Thorogood, Mann, &
Key, 1998), various cancers (Mills, Beeson, Phillips, & Fraser, 1994; Thorogood, Mann,
Appleby, & McPherson, 1994, Phillips, Garfinkel, Kuzma, Beeson, et al, 1980), heart
related diseases (Thorogood, Mann, Appleby, & McPherson 1994; Fraser, Linsted, &
11

Beeson, 1995; Snowdon, Phillips, & Fraser, 1984; Rajaram, 2003), diabetes (Snowdon &
Phillips, 1985), and increased rates of longevity (Singh, Sabate, & Fraser, 2003;
Snowdon, 1988). Various other authors have outlined important benefits of vegetarian
diets relevant to the general population (Messina & Messina, 1996; Craig, 1999; Sabate,
2001) and to women (Rajaram, Dyett, & Sabate, 2004). It is threfore no surprise that the
position statement of the American Dietetic Association and Dietitian’s of Canada
regarding vegetarian diets suggests that such dietaries, when appropriately planned, are
healthful, nutritionally adequate, and provide health benefits in the prevention and
treatment of certain diseases (ADA, 2003; Messina & Burke, 1997).
Various studies and reviews have shown that the above mentioned health benefits
from plant-based diets are probably due to the absence of meat, intake of less cholesterol
and total fat (Snowdon, Phillips, & Fraser, 1984; Giovamiucci & Willett, 1994), but
particularly due to increased consumption of various plant foods (Willett, 1999) like nuts
(Rajaram, et al, 2001; Hu, Stampfer, Manson, Rimm, et al, 1998; Sabate, 1999; Fraser,
Sabate, Beeson, & Strahan, 1992), fruit and vegetables (Rimm, Ascherio, Giovannuci,
Spiegelman, et al, 1996; Block, Patterson, & Subar, 1992), whole grains (Jacobs Jr.,
Meyer, Kushi, & Folsum, 1998; Jacobs Jr., Slavin, & Marquart, 1995), and legumes
(Kushi, Meyer, & Jacobs Jr., 1999), with their inherent phytochemicals, antioxidants,
fiber, and protective nutrients.
As such, vegetarians, particularly vegans, tend to demonstrate higher intakes of
vitamin C, vitamin E, folate, provitamin A, dietary fiber, copper, potassium, magnesium,
and various phytochemicals than omnivores (Hakala & Karvetti, 1989; Nieman,
Underwood, Sherman, Arabatzis, et al, 1989; Messina & Messina, 1996). Amidst the
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vegetarian milieu of health and nutritional benefits however, the potential for deficiency
in selected and important nutrients, cannot be negated and should not be ignored. There
remains concern of deficiency and inadequacy for specific nutrients of interest,
particularly for those practicing a strict vegetarian (vegan) diet.
C.

The Nutrients of Concern in a Vegan Diet
Various research have identified potential for inadequate intakes of

protein, calcium, vitamin B12, vitamin D, n-3, zinc, iron, iodine, and riboflavin among
vegetarians (ADA, 2003; Waldmann, Koschizke, Leitzmann, & Hahn, 2003; Janelle &
Barr, 1995; Larsson & Johansson, 2002; Craig, 1994). For various reasons, some of
these nutrients seem to be of more concern than others (ADA, 2003), and include protein,
calcium, vitamin D, vitamin B12, n-3, iron, and zinc.
Protein is a very vital nutrient to almost all systems of human body function. It is
needed for growth and repair of tissues, and as a source of energy. As such, when protein
status is compromised, all body systems are affected. Foods from animal sources
typically provide large amounts of high quality and digestible protein, while plant
proteins provide less total protein per unit, lower digestibility for humans, and except for
soy protein, less essential amino acid quality and usability (Young, et al, 1975; Whitney
& Rolfes, 1999; Messina & Mangels, 2001). Thus, there is concern that strict vegetarians
may not be obtaining adequate amounts of protein in the diet. Waldmann and colleagues
(2003) found that protein intake in female vegans, tended to be low, and to be associated
with low energy intake and with underweight status. Use of a variety of plant proteins
however, can address this concern. The question is whether the typical consumption of
US vegans represents adequate use and variety in protein intake. It has been suggested
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that protein requirements from vegan diets be increased to 0.9 gram/kg body weight
compared with the current recommended daily allowance of 0.8 gram/kg body weight of
protein for adults consuming a mixed diet (Messina & Messina, 1996; Acosta, 1988).
For calcium, dairy products have been identified as the major food source
(Marston & Welsh, 1984). Calcium is important for skeletal growth and function of the
body. Review of literature shows that intakes of calcium tend to be lower in vegans than
omnivores and lacto-ovo vegetarians, and is typically below recommended intakes
(Janelle & Barr, 1995; Larsson & Johansson, 2002; Weaver, Proulx, & Heaney, 1999).
For vegans who mostly consume high oxalate vegetables, the calcium bioavailability is
reduced; But those who mostly use low-oxalate plant products, or soy foods, can obtain
sufficiently usable calcium (Weaver, et al, 1999; Heaney, Dowell, Rafferty, & Bierman,
2000). It is therefore important to assess whether the typical US vegan diet actually
contains sufficient low-oxalate foods, soy foods, and foods fortified with vitamin D, for
adequate calcium nutrition.
Vitamin D is important for calcium absorption and bone integrity. Vitamin D
deficiency can negatively affect bone development and function. Main food sources of
vitamin D are fortified dairy products, margarines, and breakfast cereals. Thus, the
vitamin D status of vegans may be compromised. A study by Outila and colleagues
(2000) showed that vegans had lower vitamin D intake than lacto-vegetarians and
omnivores, affecting vitamin D status and bone density, particularly during the winter.
Parsons and colleagues (1997) found similar results in adolescents who were fed a vegantype macrobiotic diet in early life.
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Another major nutrient of concern in the vegan diet is vitamin B12. Vitamin B12 is
needed in DNA synthesis, one-carbon metabolism, and erythropoiesis, and a deficiency
can cause an increase of immature, enlarged red blood cells leading to anemia, and/ or
neurological damage (Herrmann, Schorr, Obeid, Giesel, et al, 2003; Haddad, Berk,
Kettering, Hubbard, et al, 1999). Some studies observed compromised vitamin B12 status
in individuals were on a vegan diet (Miller, Specker, Ho, & Norman, 1991; Donaldson,
2000; Haddad, et al, 1999; Hermann, et al, 2003) and that nutrient status was improved
with supplementation (Donaldson, 2000). The main food sources of vitamin B12 are
animal products. Thus, concerns regarding the vitamin B12 status of vegans may be well
justified. Vegans who use fermented soy products, sea vegetables, and vitamin B12
analogs for their vitamin B12 intake, should be advised that these are unreliable sources
that have resulted in less than adequate nutritional status (Dagnelie, van Staveren, & van
den Berg, 1991; Janelle & Barr, 1995 Messina & Messina, 1996; Herrmann, Schorr,
Purschwitz, Rassoul, et al, 2001). Sources of vitamin B12 in vegan diets should therefore
be assessed.
Long chain polyunsaturated fatty acids (LC-PUFAs) are important structural
components of membrane phospholipids, and precursors to important eicosanoids
(Fokkema, Brouwer, Hasperhoven, Hettema, et al, 2000) which function in body systems
such as the vascular and immune systems. Long chain PUFAs are obtained from meat,
DHA-eggs, and fatty fish, or are endogenously made from the essential fatty acids,
linoleic and a-linolenic acids. Linoleic acid is a precursor to n-6 LC-PUFAs and alinolenic acid is the precursor to the n-3 LC-PUFAs, eicosapentanoic acid (EPA) and
docosahexanoic acid (DHA). Vegan diets are typically low in intakes of direct n-3 LC15

PUFAs, and high in the n-6 fatty acid precursor, which can potentially reduce n-3 fatty
acid conversion and thus, status (Fokkema, Brouwer, Hasperhoven, Martini, et al, 2000;
Davis & Kris-Etherton, 2003). Argen and colleagues (1995) found that vegans had lower
blood levels of EPA and DHA than nonvegetarians.
Iron is another major nutrient of interest in vegan diets. Various studies report
lower serum ferritin or compromised iron status in vegetarians, particularly in vegans
(Ball & Bartlett, 1999; Haddad, et al, 1999). Iron is important for oxygen transport and
release of energy in the body. It forms an integral part of the proteins, hemoglobin in the
red blood cells and myoglobin in the muscle cells. The more bioavailable iron form is
heme iron, which is found in animal products. Thus vegans who consume plant foods are
mainly exposed to the less bioavailable non-heme iron. The presence of high amounts of
phytates in many iron-containing plant foods also reduces absorption of iron (Hunt, 2003;
Messina & Messina, 1996; Hurrell, Reddy, & Cook, 1999). Plant foods contain mainly
non-heme iron that is less bioavailable. Substances that enhance non-heme iron
absorption include vitamin C, other organic acids, and fermented soy products.
Substances that inhibit non-heme iron absorption include phytates, plant polyphenolics,
soy protein, calcium phosphates, milk and egg, tea and coffee, bran, high zinc
supplementation (Craig & Pinyan, 2001). These factors therefore raise important
concerns about iron status among vegans, unless sufficient use of iron-absorbing
enhancers like vitamin C is assured.
Another nutrient of concern in total plant diets is zinc. Zinc is important for
normal growth and reproductive development, brain function, immune function, and for
support of numerous proteins in a variety of metabolic processes. Gibson (1994) reports
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low content and bioavailability of zinc among vegetarians in general, but particularly
among vegetarian children. High amounts of fiber and phytates can bind zinc and limit
its bioavailability (Hunt, 2003; Whitney & Rolfes, 1999; Janelle & Barr, 1995; Messina
& Messina, 1996). Additionally, the richest sources of zinc are protein-containing foods
like meat, fish, and poultry. This therefore places vegans on the alert for careful
monitoring of zinc intake and status.
D.

A Nutrition Assessment Screening Tool for Vegans
Among the various methods of nutrition assessment, food frequency

questionnaires (FFQs) emerge as a fairly reliable, easily administered, inexpensive tool to
be used (Block, Hartman, Dresser, Carroll, et al, 1986; Subar, Thompson, Kipnis,
Midthune, et al, 2001a). Previous studies have developed or modified various food
frequency questionnaires to assess adequacy of nutrient and food consumption patterns;
diet patterns and nutritional status of target population groups; and associations of diet
and chronic disease risk (Coates, Eley, Block, Gunter, et al, 1991; Haines, Chung, Leung,
Leung, et al, 1994; Tucker, Nianchi, Maras, & Bermudez, 1998; Potischiman, Weiss,
Swanson, Coates, et al, 1998; Rimm, et al, 1998). However, no study has yet sought to
develop a food frequency questionnaire specifically for vegans. And no previous study
has sought to design and validate a FFQ that would screen for both nutritional adequacy
as well as osteoporosis risk among US vegans.
The nutrition-screening tool proposed in this study is a food frequency
questionnaire with potential sensitivity for assessing intakes of the nutrients that are of
concern in vegan diets, and for screening possible nutrition indicators of osteoporosis
disease risk. Research has shown that various FFQs have been successfully developed
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and used for nutrition assessment and screening at the clinical, community, and policy
level (Block, 2001).
E.

Development of the FFQ
Food frequency questiomiaires are either developed de novo, or as a

modified version of a previously existing FFQ. Either way, the purpose or intended use
of the questionnaire, and the target population in which it is to be used, must first be
determined. This is to ensure that the components of the questionnaire are relevant to its
purpose and to its target group. For instance, an FFQ that was previously designed for
assessing food intake in an Asian country, will most likely not be applicable for use in the
United States because of expected differences in commonly eaten or cultural foods.
Additionally, a questionnaire that is intended for assessing fruit and vegetable
consumption will not be comprehensive enough to also assess other food groups or diet
patterns. The FFQ in this study was designed to comprehensively capture foods that
provide the seven nutrients of interest. It is therefore relatively lengthy. Questionnaires
with few or specific food targets tend to be shorter than more comprehensive or whole
diet assessments (Cade, Thompson, Burley, & Warm, 2002). But while shorter FFQs
may be less time-consuming/burdensome to fill out, they are not necessarily better than
lengthy ones, since clarity and ease of administration can compensate for length (Subar,
et al, 2001b).
Another consideration is that if the FFQ is intended for ranking individuals
according to food/food group intake, then food categories analyzed by summary
estimates and probably compared to biochemical markers, might be more appropriate
than individual food items summed and analyzed; The latter is more appropriate for
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assessing absolute intakes, enhanced by the use of frequencies and portion size, and
compared to assessment methods such as food diaries or diaries (Bogers, Dagnielie,
Westerterp, Kester, et al, 2003). However, FFQs are not necessarily suitable for
estimating actual nutrient intake, but are useful in categorizing persons according to usual
intakes and identifying persons according to intake extremes (Erkkola, Karppinen,
Javanainen, Rasanen, et al, 2001). Therefore, use of the FFQ in this study can facilitate
the classification of diet patterns from the targeted vegan population into an under
nutrition group, an adequate nutrition group, and even an over-nutrition group.
The main components of a FFQ include the food list, the frequency options, the
portion size options (where applicable), support questions, and instructions. With respect
to the food list, there are various methods for selection of food items. Nutritional
epidemiologists have shown that there are different methods that can be used for
developing the food list of a questionnaire.
For instance, some researchers suggest a step-wise regression approach. This
approach uses step-wise regression in the selection of foods according to the contribution
of each food to the between-person variance in the intake of specific nutrients. It is based
on the following important characteristics: The food item must differentiate between
individuals, it must be eaten by a considerable number of the target population, contain a
substantial amount of the nutrients or food groups of interest, and the use of the foods
listed must vary from person to person (Willett, Sampson, Stampfer, Rosner, et al, 1985).
One disadvantage with this approach is that some of the foods that show up as being
statistically significant contributors may not make sense in terms of even containing the

19

nutrient. This might be due to correlation or obvious association between that particular
food and another more plausible food item.
Other researchers suggest that the food list be selected on the basis of their
contribution to total population intakes of the nutrients of interest, by representing a
contribution of for example, 90% for each of those nutrients (Block, et al, 1986).
Important nutrient contributors in this approach are unlikely to be missed, but some
measure of arbitrary groupings or collapsing of variables would be necessary. A
modification of this approach, according to Willett (1998), might be to tally foods
reported via open-ended methods in a sample of the study population. This would
capture information regarding familiar names or descriptions of foods, particularly for
ethnic or unique groups, and a tally of portion size can simultaneously be made.
Simpler apporoaches are suggested as well. For example, examining published
food composition tables and identifying the foods that contain substantial amounts of the
nutrients of interest; the disadvantage to this approach lies in the fact that although foods
with high concentration of the nutrients will be captured, many of these foods may not
even be eaten by the target population or may be eaten so infrequently that they make no
important contribution (Willett, 1998). Another simple approach is to begin with a
comprehensive list of foods that are potentially important nutrient sources, by using
composition tables, focus groups, dietitian consultation, etc., and then systematically
reduce the list by either pilot-testing the questionnaire, or by simply deleting which
although used, are used infrequently. This approach will of course miss some important
between-person variation information (Willett, 1998). Other approaches may seek to
include foods on the food list based not only on nutrient intake but also on prior
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information that an association may exist between use of that food or food group and a
particular condition or health risk (Nelson, Mayer, Rutherford, & Jones, 1991). For
example, inclusion of dairy products on the food list in an osteoporosis risk survey.
Various other studies have either modified or designed questionnaire food lists to reflect
the consumption of target foods and populations, by examining relevant cookbooks and
food labels (Huang, Harrison, Mohamed, Gornbein, et al, 2000), using nationally
available nutrient databases, and interviewing focus groups (Hakim, Hartz, Harris,
Balentine, et al, 2001). Researchers can also find out about the eating habits of target
populations based on secondary analysis of large national surveys (Haddad & Tanzman,
2003).

After the generation of the food list, foods can either be grouped into single items
or left as individual categories or items. Maximizing comprehsiveness of a questionniare
will most likely not be compatible with maintaining brevity by much combining and
collapsing of foods. In fact the latter might pose quite a challenge for respondents to
estimate, since some of the items in the collapsed group might be more frequently
consumed than others in the same grouping (Subar, Thompson, Smith, Jobe, et al, 1995;
Willett, 1998). However, while grouped items can also lead to underestimation, and
single items can lead to overestimation (Cade, et al, 2002), the food list cannot be
endless; therefore, some groupings may be necessary.
The literature also shows that in well-developed FFQs, related items are clustered
together and special items (e.g whole wheat pasta) should be placed before regular items
(e.g plain pasta) (Cade, et al, 2002; Willett, 1998). Furthermore, the food items/groups
with nutrients of particular interest should be placed near to the beginning, but neither at
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the direct start nor at the end of the questionnaire. This approach seeks to side-step
novelty mistakes as well as boredom.
The frequency section of an FFQ can either be qualitative, semi-quantitative, or
quantitative. Qualitative frequencies typically include response options such as “never” ,
“sometime”, and “always”. In a semi-quantitative FFQ, predetermined portion size
option/s are included, and respondents are required to estimate how frequently they use
the predetermined portion either from already listed options or in a blank or open-ended
format. In a quantitative FFQ, the respondent are required to either choose (close-ended)
or state (open-ended) both their usual portions and their usual frequencies. Some studies
have shown that using participant-reported (open-ended) frequencies may yield higher
coefficients and better quartile agreements than pre-determined frequency categories
(Jain & McLaughlin, 2000). However the challenge of coding open-ended responses can
be quite forbidding.
The number of frequency options to include in an FFQ, depends on how much
data needs to be captured. Qualitative frequencies would obviously capture far less
information than quantitative frequencies. As for semi-quantitative and quantitative
questionnaires, it is not unusual to have frequency options extending from never or zero
times per year or month, to probably two or more times per day. Some may therefore
include between 1 to 12 options (Cade, et al, 2002) depending on information needed.
Portion (serving) size options are not usually included in qualitative
questionnaires. For quantitative-type options however, respondents are required to either
choose or report their portion size or use of an already included standard portion in semiquantitative questionnaires. While there might be disadvantages to using standard pre22

determined portion sizes, advantages of using standardized rather than reported portion
size data include simplification of the FFQ, and decrease in cost of data collection
(Clapp, McPherson, Reed, & His, 1991). The portion size should also be representative
of the typical portions used by the target population. For example, portions for men are
usually larger than for women; and school-aged children usually have smaller portions
than adults.
Most food frequency questiomiaires also include support questions. These
usually serve to capture information that the food frequency or portion size aspects would
not be able to give. The support questions can be useful in making adjustments and
conclusions about the analyses and findings of a survey study. Support questions may
also be useful to account for influencing or confounding factors. Some types of
information gathered from support questions include: types of fat used in cooking,
smoking or drinking habits, health/medical history, special dietary practices, age, exercise
activity, height and weight information, pregnancy and menopausal status, and gender.
F.

Validation of the FFQ
After the development of a food frequency questionnaire, it is good to

validate or calibrate the instrument against a “gold standard” or superior “reference
method”, to evaluate whether the tool is measuring what it is intended to measure (Cade,
et al, 2002). The first step in the validation process is to choose an appropriate “gold
standard” or “reference method”. There are various methods that are used to validate food
frequency questionnaires. These include biochemical markers, food diaries or records,
diet histories, and 24-hr diet recalls.
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The use of biochemical markers is an important diet assessment measure that is
used in validation studies. It is an objective measure since it is uncorrelated with any
errors associated with diet intake measures, such as reliance on memory, intake
estimation errors, and correlated errors from food composition tables or a nutrient
database. A major disadvantage to this method however, is the fact that for certain
nutrients or diet factors, there may not be a reliable biochemical marker. Furthermore,
biological phenomena can be influenced by many factors unrelated to diet intake, such as
nutrient absorption and bioavailability, food and drug interactions, nutrient-nutrient
interactions, body stress and illness, malfunctioning body organs, and homeostatic
regulation (Hunter, 1998). Other disadvantages include the high costs of laboratory
procedures and invasiveness to respondents, of some of the procedures.
In terms of diet intake methods however, the ‘gold standard’ for validating a food
frequency questionnaire is the diet record because its errors are least correlated with the
FFQ due to non-dependence on respondents’ memory. Another advantage is that
measures of portion size and frequency are made more directly and therefore reported
more accurately. This method however, increases the burden of respondents because of
the recording process, traing of respondents for accurate recording, and in some cases,
also a weighing process. Additionally, the recording process may actually serve to
change the usual eating habits of respondents since of necessity they will be paying more
attention to what and how much they eat.
This latter phenomena is not usually seen with the use of either the diet history or
24-lir diet recalls, especially when the recalls are taken non-consecutively and
unannounced. But the disadvantage of using these assessment measures lies in the fact
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that respondents must rely on memory for estimating portion size and frequency of the
foods eaten. This challenge is especially true for diet histories that typically rely on long
term memory information. Furthermore, some types of diet histories may also require
more extensive information beyond food listing. For example, mood while eating meals,
whether respondents ate alone or in company, ate out or at home, etc.
For the 24-hr diet recall however, the challenge of recall is to a small degree
combatted by the fact that the diet recall is typically taken for the immediate previous day
or 24 hours, and respondents, depending on life stage and life style, may be more likely
to recall the short-term information fairly accurately (Dubois & Boivin, 1990). Another
advantage of the 24-hr diet recall is that it is quite appropriate for use in less literate or
less motivated study populations. Additionally, the 24-hr recall has proven to be more
cost-effective and certainly less burdensome to respondents than the other diet
assessment methods. In an effort to reduce the burden of respondents, and because of
financial and other constraints, the 24-hr diet recall was the “reference method” used for
validation in this study. Review of literature shows that many studies have successfully
used the 24-hour recall as the reference method in validation or calibration studies
(Knutsen, Beeson, Fraser, Linsted, et al, 2003; Rockett, Breitenbach, Frazier, Witschi, et
al, 1997; Munger, Folsom, Kushi, Kaye, et al, 1992; Resnicow, Odom, Wang, Dudley, et
al, 2000).
Once a “gold standard” or “reference method” is chosen for validation,
administration of the methods to be compared, follows. Some measures are administered
once at baseline or more than once (pre and post) to evaluate reproducibility as well as
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validity. But a high degree of reproducibility does not guarantee a high degree of
validity.
Choice of time frame is an important step in a validation process. Therefore the
comparison method should reflect the same time frame, the ideal being over the same
time period of the FFQ. Therefore, if the FFQ is seeking to capture usual intake over a
one-year period, the comparison method should also reflect the same. Thus, multiple
administrations of the comparison method throughout a one-year period would help to
capture effects of seasonality, food availability, etc. The FFQ in this study was designed
to capture usual intake over the previous nine months and was administered once at
baseline. Therefore reproducibility was not measured, since our focus was validity. The
three diet recalls were taken months apart, during the Spring, Summer, and Fall periods
(beginning at baseline). This means the same time frame of nine months was captured,
but not the same time period. We however reasoned that since the vegan subjects
recruited were supposed to be vegans for at least nine months, usual intake measured by
the FFQ for the previous nine months and intake measured by the comparison method
over the next nine months should not be vastly different due to the unique and restrictive
nature characteristic of vegan diets.
After administration, intake data from the FFQ and the comparison method is
analyzed nutritionally using an appropriate computerized software. Total nutrient intake
is calculated from the sum of the products of the frequency weight and nutrient content of
the portion of the food. Frequency weights are assigned to assess weekly or daily
consumption (Cade, et al, 2002). For example, in this study, the frequency weight for
once per day =1, and for 4-6 times per week =0.7 (average of 4+6=5/7days).
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The nutrient intake data is then analyzed statistically. The statistical methods
typically used for validation studies are correlation coefficients, contingency (cross
classification) tables, and regression models. The typical range of correlation coefficients
seen for different nutrients in validation studies is 0.3-0.7 (Thompson & Byers, 1994;
Cade, et al, 2002; Willett, Sampson, Stampfer, Rosner, et al, 1985; Munger, et al, 1992).
This study therefore used 0.3 as the desired lower limit r-value for a one-sided 95%
confidence interval (Cl).
Regarding the subjects chosen in a validation study, representativeness is very
important. Random sampling is always ideal, but may not always be possible depending
on the types of subjects, their geographical location, and the nature of the recruitment
process used. A large enough sample size is also important for successful validation
studies. This would depend on the type of statistical methods used and the number of
measures used for the comparison method. The reveiew by Cade and colleagues (2002)
reports that most studies have used between two and five replicates or days per subject.
This study used three replicates which is generally accepted as the minimum number
needed to represent usual intake (Rockett, et al, 1997; Eck, Klesges, Hanson, Slawson, et
al, 1991). When a small number replicates is used, a large sample size must be obtained.
Thus, although somewhat arbitrary as coming from the veiws of some researchers, the
typical sample size used in validation studies is 100 or more subjects (Willett & Lenart,
1998; Cade, et al, 2002).
G.

Osteoporosis - A Chronic Disease Concern for Vegans
As was mentioned before, vegetarians, including vegans, have a lower risk

for most chronic conditions such as coronary diseases, diabetes, obesity, and various
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cancers. But specific characteristics of the vegetarian lifestyle increases potential risks
related to the chronic condition of osteoporosis.
Osteoporosis is a condition characterized by low bone mass and increased risk to
fractures. It is estimated that over a woman’s lifetime, about half of her trabecular bone
and one third of her cortical bone will be lost (Riggs, Wahner, Seeman, Offord, et al,
1982). Further estimations suggest that at age 50, about 40% of women and 13% of men
will experience at least one fracture (Melton 3rd, 1995). The burden of osteoprosis in the
United States is high. It is estimated that 10 million already have the disease, and about
34 million others are at increased risk (National Osteoporosis Foundation, 2004).
During the early years of life, bone formation and accretion take place. Peak bone
mass is usually achieved during the young adult life; after which bone loss begins and
continues throughout the rest of the life cycle. From the time of middle adulthood, bone
resorption predominates over bone formation, and there is steady loss of bone,
particularly in the first 5-15 years following menopause, due to decreased estrogen (Ilich
& Kerstetter, 2000). Increasing peak bone mass during formative years, and preventing
bone loss from middle adulthood and after menopause, are key factors in addressing the
osteoporosis problem. Unfortunately, osteoporosis is mainly explained by nonmodifiable factors such as genetics, gender, age, and race. But there is significant
contribution and impact from other factors such as body mass index (BMI), physical
activity, and diet. Diet is one of the main modifiable approaches to preventing or
reducing bone loss.
Unfortunately, most studies on the relationship between bone density and
vegetarianism have been with lacto-vegetarians and not necessarily with vegans (Reed,
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Anderson, Tylavsky, & Gallagher, 1994; Hunt, Murphy, Henderson, Clark, et al, 1989;
Tesar, Notelovitz, Shim, Kauwell, et al, 1992). But there are a few studies that have
succeeded in using vegans as subjects, and have demonstrated that a long-term vegan diet
lifestyle can be a risk factor for bone loss (Marsh, Sanchez, Mickelsen, Chaffee, & Fagal,
1988; Lau, Kwok, Woo, & Ho, 1998; Chiu, Lan, Yang, Wang, et al, 1997).
In a cross-sectional study, Lau and colleagues (1998) showed that there is a
relationship between diet and bone mineral density (BMD) with BMD at the hip being
lower in vegetarians than omnivores. Early studies showed that while no significant
difference in bone density was observed at age 50 between lactovegetarians and non
vegetarians, by age 80, non-vegetarians had 35% bone loss compared to 18% in
vegetarians (Marsh, Sanchez, Michelsen, Keiser, et al, 1980). Vegans however, tend to
have lower bone densities than lactovegetarians (Marsh, Sanchez, Mickelsen, Chaffee, &
Fagal, 1988). In a more recent study, no difference was observed between the bone
mineral density of vegans and lacto-vegetarians (Lau, et al, 1998). But Chiu and
colleagues (1997) demonstrated that long-term practitioners of the vegan diet were at
higher risk of bone loss and subsequent osteoporosis.
Various other studies reveal that the following nutrients: calcium, protein, vitamin
D, phosphorus, sodium, vitamin B12, n-3 fatty acids, iron, and zinc, may all be related to
bone density in one way or another (Dhonuksshe-Rutten, et al, 2003; Kruger, et al, 1998;
Ilich, Brownbill, & Tamborini, 2003; Fernandes, Lawrence, & Dongxu, 2003; Albertazzi
& Coupland, 2002). However, Ilich and colleagues (2003) caution about conclusions
regarding the effects of single nutrients on bone, because of their interaction and co-
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linearity with other nutrients and factors. This may also account for the various
controversial and inconsistent findings in this area of research (Ilich & Kerstetter, 2000).
Protein is incorporated into the organic matrix of bone where mineralization
occurs on collagen structure (Baron, 1999). More recently, dietary protein was found to
increase insulin-like growth factor-1 (IGF-1), which is thought to play an important role
in bone formation (Dawson-Hughes, 2003). Additionally, adequate protein is necessary
for calcium absorption (Kerstetter, O’Brien, & Insogna, 2003), a crucial mineral in bone
structure. Low protein is associated with low bone density (Geinoz, Rapin, Rizzoli,
Kraemer, et al,1993; Kerstetter, Looker, Insogna, 2000; Lacey, Anderson, Fujita,
Yoshimoto, et al, 1991; Cooper, Atkinson, Hensrud, Wahner, et al, 1996) and greater
fracture risk (Bonjour, Schurch, & Rizzoli, 1996). The above phenomena are most likely
a result of secondary hyperthyroidism which is the rise in PTH in response to a
hypocalemic challenge, most likely, decreased calium absorption (Kerstetter, et al, 2003).
Conversly however, too much protein has been shown to cause urinary calcium loss,
negative calcium balance, and bone loss (Barzel & Massey, 1998; Hegsted & Linkswiler,
1981). This hypercalciuria phenomena is mainly due to high acid load from metabolism
of animal or high sulfur proteins in which bone buffers the excess acid load, leading to
urinary calcium loss; which in turn leads to reduced mineral content and bone mass
(Barzel, 1995).
With respect to calcium, the body contains about 1000 to 1500g of calcium, of
which 99% is found as hydroxyapatite in the bones (Ilich & Kerstetter, 2000). Various
studies have consistently shown that high or adequate intake of calcium is associated with
higher bone mass (Ilich, Skugor, Hangartner, Baoshe, et al, 1998; Teegarden, Lyle,
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McCabe, McCabe, et al, 1998) and show positive effects on bone mineral density and
bone accretion (Bonjour, Carrie, Ferrari, Clavein, et al, 1997).
There are those who have also shown that the calcium to protein ratio may be
more biologically meaningful in predicting bone density than the effects of each nutrient
independently (Heaney, 1993; Recker, Davies, Hinders, et al, 1992). This is of particular
interest with respect to the relationship between protein and urinary excretion of calcium,
since the lower protein intakes of vegans may reduce calcium excretion (Heaney &
Recker, 1982). But calcium excretion from high protein intake may not be a grave
concern when there is adequate calcium intake (Dawson-Hughes, 2003) or a high
calcium:protein ratio.
While high or adequate intake of calcium is important to bone health, such benefit
will not be realized without interaction from other specific nutrients. One such
interaction has already been mentioned with respect to protein. Another major nutrient of
interest in this study, which impacts calcium’s role in bone health, is vitamin D. The
active l,25(OH)2vitamin D3 (calcitriol) is necessary for calcium absorption by
stimulating the synthesis of the calcium binding protein, calbindin (Ilich & Kerstetter,
2000). However, vitamin D supplementation without the role of calcium is also of
negligible benefit with regards to bone health (Cooper, Clifton-Bligh, Nery, Figtree, et al,
2003). Vitamin D plays a role in lowering the risk of fractures (Feskanich, Willett, &
Colditz, 2003), and in a study by Ilich and colleagues (1997) calcitriol was found to be
highest during peak bone growth. A study by Outilla, et al (2000) showed that healthy
premenopausal vegans experienced vitamin D deficiency and secondary hyperthyroidism,
at least in the winter or northern latitudes, and demonstrated lower BMD than omnivores,
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in the lumber region of the spine. Since osteoporosis affects mostly older adults, it is
important to also note that vitamin D status declines with age for many reasons: less
exposure to sunlight, reduced ability to activate precursors in the skin, decreased ability
of the kidney and liver to hydroxylate the nutrient, reduced dietary intake, diminished
absorption from foods, and use of particular drugs - steroids & anticonvulsants (Ilich &
Kerstetter, 2000).
Dhonukshe-Rutten and colleagues (2003) report that various in vitro and human
studies show vitamin B12 as having a significant effect on osteoblast proliferation and on
alkaline phosphatase activity (Kim, Kim, Park, Lee, et al, 1996; Carmel, Lau, Baylink,
Saxena, et al, 1988). Alkaline phosphatase activity is apparently increased after
stimulation with vitamin B12. In another study with vegetarian women, Barr and
colleagues (1998) found that baseline BMD was predicted by vitamin B12 intake along
with total body fat.
With respect to iron and zinc, these minerals are mostly associated with trabecular
bone (Mundy, 1999). Iron seems to act as a cofactor for enzymes involved in collagen
synthesis (Prockop, 1971), and Medeiros and colleagues (1997) discovered that bone
breaking strength was lower in iron-deficient rats; while Ilich-Ernst and colleagues
(1998) found a positive association between bone mass and serum ferritin as an indicator
of iron status in adolescent girls. It should be noted however, that in as much as iron is
necessary for bone integrity and prevention of osteoporosis, review of literature shows
that excessive iron intake can also predispose one to osteoporosis (Ilich and Kerstetter,
2000). Possible explanations given include oxidative damage to bone cells due to toxic
iron overload, and due to diseased conditions like hemochromatosis, African
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hemosiderosis, chronic renal diseases, which require iron therapy (Ilich & Kerstetter,
2000; Van de Vyver, Visser, Haese, & Broe, 1990). Others suggest that the insult to
bone health may come not only from iron overload itself, but also from iron overloadinduced hypovitaminosis C (Schnitzler, Macphail, Shires, Schnaid, et al, 1994).
Crawford (1995) also suggests that iron overload may be due to the synergistic
combination of citric and ascorbic acid on iron absorption among individuals who
consume increased amounts of foods containing these enhancers. So that while the trend
in society today shows a decrease in consumption of high heme-iron containing foods
like red meat and eggs, there seems to be an increased consumption of non-heme iron
enhancers to a degree that might actually be considered too much, healthwise (Crawford,
1995). Undoubtedly, a similar trend would be observed for individuals practicing strict
vegetarian diets.
Zinc plays a role in connective tissue metabolism, and acts as a cofactor for for
several enzymes like alkaline phosphatase which is necessary for bone mineralization,
and collagenase, which is necessary for formation of the collagen structure in bone
(Beattie & Avenell, 1992). Low serum levels of zinc and excessive urinary excretion is
associated with oseporosis in humans (Hertzberg, Foldes, Steinberg, & Menczel, 1990;
Atik, 1983).
Polyunsaturated fatty acids (PUFA) also seem to play an important role in bone
integrity and osteoporosis prevention. A review by Albertazzi and Coupland (2002)
suggests that a low n-6:n-3 ratio may have beneficial effects on bone mineral density.
The review shows that eicosanoids such as prostaglandins influence the sythesis and
action of insulin-like growth factors which are major bone-derived growth factors
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(Baylink, Finkelman, & Mohan, 1993). Laboratory studies have shown that high
concentrations of prostaglandin^ (PGE2) however, can serve to depress osteogenesis
(Raisz & Fall, 1990). Thus lower concentrations of PGE2 have been associated with bone
formation and higher concentrations are associated with bone resorption (Riasz, Pilbeam
& Fall, 1993). The leukotrienes (LTB4, LTC4, LTD4, and LTE4) which are also produced
from n-6 PUFA have been shown to increase bone resorption and osteoclast number in
vivo and in vitro (Watkin, Lippman, Le Bouteiller, Li, et al, 2001). It therefore seems
that modification of n-6:n-3 fatty acids may be important to bone health. Kruger and
colleagues (1998) demonstrated beneficial effects on bone in a group of elderly patients
when eicosapentanoic acid (EPA) and Y-hnolenic acid (GLA) were administered.
Furthermore, inflammatory cytokines like interleukin-1 (IL-1), interleukin-6 (IL6), and tumor necrosis factor-a (TNF-a) seem to be implicated in the rapid rate of
postmenopausal bone loss. Fernandes and colleagues (2003) explain that increased
cytokine production by immune cells as seen in lack of estrogen, and which activates
osteoclasts during the perimenopausal period, is also seen when there is increased intake
of n-6 fatty acids from vegetable oils. Kettler, (2001) reviews how dietary
supplementation with fish oil, flaxseeds, and flaxseed oil (important sources of n-3 fatty
acids), may significantly reduce cytokine production while increasing calcium
absorption, bone calcium, and bone density. In fact, it is suggested that a proper balance
of the essential fatty acids, without the use of HRT, may play a role in minimizing bone
loss at menopause (Kruger, Claassen, Smuts, & Potgeiter, 1997).
As was previously mentioned, body mass index (BMI) is another major
contributing factor to bone density outcome. Various studies have found that one of the
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main contributors for lower BMD among vegetarians compared to omnivores is lower
body weight (Barr, et al, 1998; Janelle & Barr, 1995; Thomas, Davey, & Key, 1999).
Thus, diet and BMI factors characteristic of practicing vegans, may predispose them to
osteoporosis risk.
Early detection and assessment of the afore-mentioned nutrition-related concerns
among the vegan population is therefore necessary. This would require use of easy and
inexpensive methods and tools of nutrition assessment in order to ensure that US vegans
are indeed reaping the full benefits of a well-balanced plant-based diet.
H.

Screening for Osteoporosis
Various measures are used to screen or test for osteoporosis or

osteoporosis-related markers. The outcome variables include bone mineral density
(BMD) -the most common outcome variable tested or screened, bone mineral content
(BMC), bone strength, and fracture risk. The “gold standard” for BMD testing is dual
energy xray absorptimetry (DEXA) since it has been found to be more accurate and
discriminatory than most other methods (Kellie, 1992; Damilakis, Papadokostakis,
Perisinakis, Maris, et al, 2004) such as quantitative, computerized tomography, dual
photon absortiometry, single photon absorptiometry, and radiographic absorptiometry.
DEXA also has less radiation exposure than some of the above mentioned techniques.
The disadvantages of this method are the high costs, the need for high technology
instruments, and it is not readily avilable in various locations locations. These factors can
therefore be quite prohibitive to particular individuals who may need screening, but may
not be in an appropriate financial position or geographical location to obtain the same.
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Alternative and more convenient screening methods include clinical risk factor
criteria surveys and quantitative ultrasounds (QUS) methods. Clinical risk factor criteria
that influence osteoporosis include questions related to family history of osteoporosis;
maternal fracture history; lifestyle practices which impact bone health, such as current
smoking habit and limited exercise; predisposing medical condition or therapy known to
affect bone metabolism; menopausal status; amenorrhea; HRT use; low BMI (Stewart &
Reid, 2000; Frost, Blake, & Fogelman, 2001); and pertinent demographics such as female
gender, age>45, and race. The clinical risk factor criteria survey has however been found
to have less accuracy than QUS methods in BMD screening (Langton, Langton, &
Beardsworth, 1999; Stewart & Reid, 2000), when compared to the gold standard, and
when screening for risk of fracture (Pluijm, Graafmans, Bouter, & Lips, 1999).
Some researchers are of the view that QUS measures are more specific, than
sensitive (Johansen, Evans, & Stone, 1999; Naganathan, March, Hunter, Pocock, et al,
1999; Azcona, Burghard, Ruza, Gimeno, et al, 2003; Taal, Cassidy, Pearson, Green, et al,
1999). However, there are important advantages in using QUS methods. These include
no exposure to radiation, cost-effectiveness, portable systems, use of accessible
peripheral body sites, and information about bone architechture that might be important
in assessing or predicting fracture risk (Cvijetic, Baric, Bolanca, Juresa, et al, 2003;
Greenspan, Bouxsein, Melton, Kolodny, et al, 1997), particularly of the hip (Cummings,
Black, Nevitt, Browner, et al, 1993) and lumbar spine (Ross, Richard, Wasnich, & Vogel,
1988; Johansen, Evans, & Stone, 1999).
This study therefore chose quantitative ultrasound as the screening tool for
osteoporosis risk, using the contact ultrasonic bone analyzer (CUBA) clinical system;
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which is basically a heel ultrasound producing broadband ultrasound attenuation (BUA)
that reflects correlations ranging from 0.4 to 0.8 (Baran, McCarthy, Leahey, & Lew,
1991; Lochmuller, Zeller, Kaiser, Eckstein, et al, 1998; Greenspan,Cheng, Miller,
Orwoll, et al, 2001) with bone mineral density of various sites, as measured by DEXA.
Kang and Speller (1998) found that the correlation between BUA and BMD increased
from r=0.72 to r=0.86 when BMD measures of the calcaneous was closely matched to the
site of ultrasound measurement.
I.

Conclusions
This study will for the first time develop and validate a FFQ for the US

vegan population, and use the tool for assessing nutrient adequacy and osteoporosis risk.
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CHAPTER 3
METHODS
A.

Study Design
This study was an IRB (Loma Linda University Institutional Review

Board) approved observational study with four phases. The first phase involved the
development of a quantitative food frequency questionnaire de novo, with appropriate
food list, portion size options, frequency options, and support questions (Cade, et al,
2002), relevant to the US vegan adult population.
The second phase involved the nutrient validation of the food frequency
instrument by comparing assessment of protein, vitamin B12, n-3 fatty acid, calcium and
vitamin D intakes from the developed vegan FFQ with assessment from three nonconsecutive 24-hr diet recalls (Rockett, et al, 1997).
The third phase involved evaluating the nutrient status of the vegan subjects by
using one-sample tests and the probability approach (Institute of Medicine, 2000) to
compare the 24-hr diet recall nutrient intake with the United States Dietary Reference
Intakes (DRIs) for each of the nutrients of interest.
The fourth phase involved evaluating the screening potential of the FFQ by
having an age- and gender-specific sub-sample of vegans screened for osteoporosis risk
and determining whether their bone density values, as measured by the CUBA Clinical
System, had any association with the nutrients of interest or known confounder items
from the questionnaire. The dependent variables were tscore and broadband ultrasound
attenuation (BUA), representing osteoporosis risk. Each nutrient of interest served as an
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independent variable; while the effects of BMI, age, exercise, duration of vegan lifestyle,
and supplement use relevant to each nutrient, were also evaluated as covariates.
B.

Participants
For the questionnaire development phase, a diet history was obtained from

each of fifty self-defined vegans (36 females, 14 males) across the Unites States, in order
to ascertain the major contributing food sources in their diet for the nutrients of interest.
Vegans were recruited via email networking with the Vegetarian Resource Group. The
majority of participants (82%) were from five US states (CA, MA, VT, VA, MD); 14%
were distributed across seven other states, and the remaining 4% were from Canada.
For the validation phase, a convenient sample of the target population was
generated from telephone/email contact lists provided by the Vegetarian Resource Group,
various other national and local vegetarian organizations, Seventh-day Adventist
churches in the Inland Empire of Southern California, and via recruitment fliers posted at
Loma Linda University.
Participants were included in the validation phase of the study if they were
practicing a vegan lifestyle for at least nine months prior, and were within the age range
of 25 to 75. For this phase of the study, vegans were defined as individuals who used no
meat, fish, or poultry, and who used dairy products or eggs less than once per month.
One hundred and thirty two subjects were recruited.
Preliminary contact via telephone or email was made to subjects for informal
screening, and for pre-verbal/email consent. Questionnaires, cover letters, and written
consent forms were then mailed out to the participants, with a pre-stamped return
envelope enclosed. Fifteen questionnaires were not returned. Eight subjects discontinued
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their participation for personal reasons, two did not meet the vegan criteria, and five were
lost during follow-up after the first diet recall. One hundred subjects (24 males & 76
females) completed the validation phase of the study. Ninety seven were from eighteen
different US States, one was from Hawaii, and two were from Canada.
For the osteoporosis risk-screening phase, vegan women who met the sub study
criteria were included for the bone screen. Inclusion-exclusion criteria for this phase
included female gender, ages 35 to 75, no previous BMD test or osteoporosis diagnosis,
no alcohol use, no cigarette smoking, and not currently on hormone replacement therapy.
Forty women responded to the advertisement. Three did not meet the sub study criteria,
and seven did not return their questionnaires. A sample of 30 female vegans completed
both the screen and the questionnaire.
C.

Procedures
1.

The Tool Development Process
a Generating the Food List. A diet history was obtained from 50 self-

defined vegans via telephone-conducted interviews or electronic mail correspondence.
From the collective data, 330 single foods were reported as being used on a regular basis
(> twice/month). Typical portion size information was also obtained. For each portion
size reported, the gram weight was obtained from the Nutrient Database System for
Research: NDS-R version 4.06_34 © 2003 Regents of the University of Minnesota,
Minneapolis, Minnesota. A tally was then made of the portion sizes reported. The
product of the gram weight portions and the number of persons reporting the portion size
was summed, and the mean portion size for the vegan sample was obtained. It should be
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noted that some of the participants reporting use of particular foods, did not report
portion sizes.
The 330 foods were entered into to the NDS-R v. 4.06_34, each in 100 gram
amounts. Nutrient analysis was then made for the list of foods, which was then extracted
in an output file to an excel database. For the Block method, calculations are based on
weighted median nutrient density x age-gender portion size specific gram weights (Subar,
Midthune, Kulldof, Brown, et al, 2000; Block, et al, 1986) in order to ascertain foods
contributing to 90% of the intake for nutrients of interest. In this study, a modification of
the Block method was used to identify which foods contributed to a total intake of 80%
of each nutrient of interest (Dyett, Haddad, & Sabate, 2004).
The specific calculations used are presented below.
Mean portion size x total reported use (subject frequency) x unit amount of nutrient per
100 gram offood item = amount of the nutrient contributed by the food item. Divided by
the total amount of the nutrient provided by all the foods x 100 = % nutrient contribution
The cumulative percentage was then found to ascertain the foods providing 80%
contribution of each nutrient of interest. One hundred and eighty single foods were found
to be the major contributors of the seven nutrients of interest. These foods formed the
basis for the food list. Focus groups, and special dietitians were then consulted in regards
to the list generated. As a result, eight foods were omitted and forty eight foods were
added. These included mixed food items and foods suggested by focus groups that
respondents would expect to see, whether they contributed to the nutrients of interest or
not. Most of these additional items were in the initial list of 330 food items. The
questionnaire was then pilot-tested on a small sample of vegans (n=10).
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Based on the pilot test, eight foods were added, and eight foods were omitted. Of
the remaining 220 food items, 16 were made specific open-ended questions with sub
divisions due to brand names, types, or flavors. These included dry cereals, non-dairy
milk, pasta, margarines and salad dressings. Some other items were then grouped
differently. The groupings in the FFQ are primarily based on the food groups found in
the USD A vegetarian food pyramid (National Center for Nutrition & Dietetics, ADA,
ADAF, 1997), with dairy substitutes replacing dairy foods, as a grouping. Further
variations are based on: (1) Similarity of food items (2) Levels of refinement and
processing; (3) Protein- based products/meat substitutes; and (4) Dairy/Egg substitutes.
Other changes made included reduced portion and frequency options, addition of
designated space for general open-ended line items (e.g. “other fruit used”), relevant
support questions, and improvements in the general layout of the questionnaire.
Research also shows that in well-developed FFQs, related items are clustered
together and special items (e.g whole wheat pasta) should be placed before regular items
(e.g plain pasta) (Cade, et al, 2002). This FFQ is designed according to this format.
Additionally, the food items/groups with nutrients of particular interest were placed near
the beginning of the FFQ, but not at the direct start nor at the end of the questionnaire,
inorder to prevent novelty mistakes as well as inaccuracy due to boredom.
Specific questions related to factors associated with osteoporosis, were also
included. These questions were designed to assess, past intakes (year/s), habitual intakes,
as well as current intakes. Different studies have successfully used food frequency
questionnaires to assess long-term diets (Linsted & Kuzma, 1989; Willet, et al, 1988).
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The final list of food items were then entered into the Nutrition Data System for
Research (NDS-R version 4.06_34) and coded to produce a nutrient analysis for each
item or grouping. This output was then transferred to an excel file for nutrient
calculations.
b. Putting Together the Frequency Options. Although studies have shown
that using participant-reported frequencies may yield higher coefficients and better
quartile agreements than close-ended, pre-coded frequency categories (Jain &
McLaughlin, 2000), the vegan FFQ was structured for ease of coding, so a close-ended
frequency format was used. The FFQ has 6 frequency options ranging from “Never or
Rarely” to “2 to 3+ times/d”. This falls within typical frequency ranges of other FFQs
(Cade, et al, 2002).
c. Putting Together the Portion Size/Serving Options. The portion size
(number of servings) option in this FFQ has 3 close-ended options based on the different
food items, and on the portion sizes most frequently reported by the sample of vegans in
the preliminary and the pilot studies. While there might be disadvantages to using
standard pre-determined portion sizes, advantages of using standardized rather than
reported portion size data include simplification of the FFQ, and decrease in cost of data
collection (Clapp, et al, 1991). The pre-determined portion sizes included standard
(USDA) portions, as well as reported portions from the preliminary study. Positioning of
these portions were random; i.e., the standard portion was not confined to only the middle
option. This was done in an effort to prevent bias reporting, especially from respondents
who are knowledgeable about standard serving sizes.
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d. Choosing the Support Questions. The FFQ includes support questions
to capture information that the food frequency or portion size aspects cannot give. These
proved to be useful in making conclusions about the analyses and findings of the study.
Support questions were also useful in accounting for influential or confounding factors,
and were based on the following areas: (1) Vegetarian lifestyle and food practices; (2)
Supplement use; (3) Health/medical history (e.g. osteoporosis); (4) Duration of vegan
lifestyle; (5) Age; (6) Exercise/Activity level; (7) Height and Weight information; (8)
Gender; (9) Hormone Replacement Therapy; (10) Living location or sunlight exposure
(See FFQ in Appendix A).
2.

The Validation Procedure
The FFQ was validated against a ‘reference method’ for nutrition

assessment. The 24-hr recall was the reference method of choice. The FFQ was
administered to the subjects at baseline, followed by three unannounced 24-hr diet recalls
over a nine-month period. Recalls were obtained in the Spring, Summer, and Fall
quarters from each subject. From the convenient list of vegan subjects obtained, a trained
interviewer contacted the participants based on a protocol of every paired nth name (n
meaning 3). When a subject was unavailable by phone at the time of recall protocol, the
next person on the list was called. On average, each recall lasted approximately 25-30
minutes. Interviewer prompts relevant to the NDS-R database were used to elicit useful
information such as portion size, cooked or uncooked items, use of salt or fat in or on
items, types of fat, sugar with coffee, type of coffee, and recipe information for dishes
made “from scratch”.
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Two week-day recalls and one week-end recall was obtained from 95% of the
subjects. Difficulty was experienced in obtaining a weekend recall from the remaining
5%. Diet recall of a “typical” day in which these five subjects perceived they were eating
“better” than other days, was obtained via electronic mail. These “typical” intake days
were used as surrogates for their weekend days.
Each subject’s three recalls were entered into the NDS-R version 5.0_35 database
© 2004 Regents of the University of Minnesota. Nutrient analysis for the nutrients of
interest, from the three recalls was then performed and extracted in an output file. A
weighted mean intake was then computed from the three diet recalls, for the nutrients of
interest. The specific calculations are given below.
Weighted average for each nutrient per day = (WE* 2 + WD*5/2 + WD*5/2)/7
Where WE represents the weekend intake of nutrients, and WD represents the
week day intakes of nutrients. The weekend day values were multiplied by two since
there are two weekend days in a 7-day week. The week day days were multiplied by 5/2
(2.5) since there are 5 week day days in a 7-day week, and two weekday recalls were
used, hence the division by 2. This gave the weighted average intake per week. Further
division by seven gives the weighted average intake per day.
For the food frequency questionnaire intake, each subject’s response was entered
by two different personnel using the same written protocol, into a created statistical
database of the Statistical Package for Social Sciences (SPSS) version 10.0 program,
SPSS Inc., Chicago Illinois. The list of food questions on the questionnaire were entered
into the NDS-R v. 5.0_35 database with the middle portion size option. For open-ended
food list questions, a tally was made of the additional foods (unlisted in the FFQ)
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reported by the total respondents, in each food category of the questionnaire. Foods with
the highest tallies (3% or more) were nutritionally analyzed separately to ascertain which
of these additional foods contributed more substantial values for the nutrients of interest
per 1 OOg of food. Seventy two open-ended food items were obtained, and were entered
along with the initial FFQ list, according to their appropriate food categories, and with
the middle portion size option from the FFQ.
This analysis was then extracted in an output file. Using SPSS v. 10.0, a syntax
was created for each food question, to include the following: frequency factor x portion
factor x weight factor. This syntax therefore served to merge the NDS-R nutrient
analysis with the subjects’ FFQ data since portion factors when multiplied by the middle
portion value, produced the value for the portion size reported by the respondents, if they
used the particular food item. Specific open-ended questions, but not general open-ended
questions, were included in the statistical analyses. Frequency factors were also used to
correspond with the frequency options reported by respondents. The weight represents
the unit amount of the nutrient for the middle portion size option. The resultant values
were then summed and divided by seven, to give the total FFQ intake values per day for
each nutrient of interest. These intake values from the two assessment methods were
adjusted for energy and then statistically analyzed for validity via correlation coefficients.
3.

Evaluating Nutrient Adequacy of Vegan Subjects
Nutritional assessment output from the validation phase was

evaluated against the US DRIs for each nutrient of interest, using one sample T-tests for
the intake values from the weighted diet recalls. These intakes were also used in the
Probability Approach (Barr, Murphy, & Poos, 2002; Murphy, Barr, & Poos, 2002; IOM,
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2000), to determine the prevalence of inadequacy (or adequacy). The probability
approach relates individual intakes to their requirements. The Estimated Average
Requirement (EAR) cut-point probability approach was the specific procedure used
(IOM, 2000).
Essentially, the standard DRI reference value for each nutrient, based on age and
sex, was used as a cut-point to identify the proportion of subjects with intakes below or
above the relevant DRTs EAR value (Barr, Murphy & Poos, 2002; IOM, 2000).
4.

Determining Screening Potential of the Vegan FFQ - Osteoporosis Risk
A sample of female vegans (n=30) were exposed to anthropometric

measures of height, weight, and body fat composition, as well as a heel ultrasound bone
density test for osteoporosis. For height measures, subjects were asked to remove their
shoes and stand with their feet together and their heels touching the wall on which a wall
installed measuring tape was attached from floor to about seven feet. A head-board lever
was brought down to the level of each subject’s head, and the measurement was recorded
in both centimeters and inches.
Weight and body fat composition were measured on a Tanita Scale. The scale was
placed on level ground. Subjects were asked to remove any metal trinkets like jewelry
and watches, as well as beepers, cell phones, etc., to avoid electrical conductivity. This
was important because the scale uses bioelectrical impedence as a means of analyzing
body composition in terms of % body fat, fat mass, etc. Subjects were asked to stand
barefeet (no shoes or socks) on the scale with their feet directly in the metal area. The
measurement was taken based on each subject’s recorded height, and the print-out was
stapled to the subject’s file.
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Each subject then proceeded to do the bone screen. The majority of the bone
screen measures were performed in the Nutrition Department Laboratory at Loma Linda
University, California and the rest were done at an American Dietetic Association
conference booth in Anaheim, California.
Subjects were asked to sit in a chair facing the portable CUBA Clinical system
which was attached to a computer for on-screen monitor and step by step instructions.
The first set of instructions required ID, height, birthdate, and menopausal information.
Foot size was measured on the foot opposite to the dominant hand (i.e., if patient was
right-handed, the left foot was used). Appropriately sized foot inserts were then selected.
The transducers on the instrument were then opened and a pea-size drop of ultrasound gel
was placed on both sides to capture the bones on both sides of the heel. The subject’s
foot was then positioned between the transducers before closing them. Calf straps
attached to the instrument, were used to limit or reduce movement. The computer
instructions were followed and the scan was taken.
Measurements (BUA, T-scores, Z-scores, Sep or heel width, and % expected)
were then displayed on the computer monitor along with a color-coded graph to show the
subjects level of osteoporosis risk. The scan was repeated, and an average of the two
measurement values was recorded. These recorded values along with the % body fat
value from the TANITA scale measure, were then entered into the SPSS data base
already created for the vegan subjects. The tscore and BUA value were statistically
analyzed with the nutrient intake values and relevant covariates from the FFQ using
regression models.
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For analysis and interpretation of the heel ultrasound, BUA, T-scores, and Zscores were used. The BUA or broadband ultrasonic attenuation measure is usually
higher in normal bone; i.e., it has higher attenuation since the more complex the structure
of the bone, the more sound wave will be blocked. Likewise, the greater the connectivity
of tissue, the faster the sound wave will pass through it.
T-scores are based on reference values from young normal adults (20yrs). The Tscore criteria and cut-point used in this study were based on the manufacturer’s
guidelines, as opposed to the commonly used World Health Organization (WHO) T-score
criteria for osteoporosis (2.5 or more SD below the normal reference) and osteopenia (1.0
to 2.5 SD below the normal reference) which is used in DEXA bone density assessments.
The normative data graph presented on the CUBA Clinical software uses three colorcoded measurement thresholds at T-score values of > -1.0 SD (green: meaning average);
-1.0 to -2.0 SD (yellow: meaning below average); and < -2.0 SD (red: meaning at risk of
fracture). The Z-score is based on reference values from age-matched normal adults;
with -1.0 to -2.0 being the risk range for osteoporosis.
Other recorded values (e.g. % body fat) were used to assist in coming to
conclusions and enlightening the discussion, based on the findings.
D.

The Measuring Tools
The measuring tools that were used in the study are the Nutrition Data

System for Research (NDS-R) version 4.06_34, and version 5.0_35, the Contact
Ultrasonic Bone Analyzer (CUBA) Clinical System, three-24-hr Diet Recalls, the Tanita
Scale, a wall-installed Height Measure, and the Vegan Food Frequency Questionnaire.

49

1.

The Nutrition Data System for Research (NDS-R)
NDS-R is a nutrition database software that was developed and

improved over the years by the University of Minnesota, particularly for research (Lee,
Nieman, & Rainwater, 1995). It provides a comprehensive selection of thousands of
foods along with nutrient analysis for different amounts and varieties of these foods. The
software accepts inputted data on food intake from diet records, 24-hour recalls, and food
frequency questionnaires, and translates it into nutrient outputs. For this study, most of
the foods entered were already a part of the database. Missing foods were addressed in
three different ways. First, most of the vegetarian “meat” products that the study
population used, were obtained via the Adventist Health Study-2 (AHS-2). This study
contracted with the University of Minnesota and the companies of these products to have
nutrient and recipe data inputted in the NDS-R database being used for the AHS-2.
Secondly, foods already in the database, from the same food group and with very similar
ingredient contents and nutrient label information, were used in place of other missing
foods. Additionally, forty six recipes for reported items subjects prepared from scratch,
were created specifically for the vegan study. The NDS database facilitated all these
processes. The NDS nutrient database has been successfully used in various studies
(Jaceldo-Siegl, Sabate, Rajaram & Fraser, 2004; Davis, Miller, & Mitchell, 2004).
2.

The Contact Ultrasound Bone Analyzer
The McCue CUBA Clinical System (Ohishi, Kushidi, Yamazaki,

Naitoh, et al, 2000) was used to perform heel ultrasounds for testing bone density. The
instrument is connected to an IBM compatible desktop on which the CUBA plus+ V4
software has been downloaded. Instead of water preparations, a gel is used on the heel
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area to be tested, and the heel is positioned in the portable instrument for the screen. The
instrument is usually calibrated before a sesssion of use, and again after seven days of
use. The calibration is a quality assurance (QA) test using the same steps as an actual
heel ultrasound measurement, but using a QA coupler instead of an actual heel. The
measurement is made, and the BUA value displayed should be within the specifications
listed on the Calibration Certificate. As was mentioned before, the CUBA clinical system
has been shown to produce highly correlated values with bone density test measures from
dual energy xray absorptiometry (DEXA) (Baran, et al, 1991; Lochmuller, et al, 1998;
Greenspan, et al, 2001).
3.

The Tanita Scale & Height Measure
The Tanita Scale and Height Measure are anthropometric tools.

The former measures percentage body fat, weight, and BMI, and the latter measures
height. The height measure is a wide tape made of metal material that is attached to a
calibrated head-board lever, and installed against the wall. Height measures are
commonly used gadgets. The Tanita scale has metal surface areas on which contact is
made with the body via the feet. Non-harmful, low dose conduction of elecrical waves or
bioelectrical impedance analysis (BIA) is performed to determine various aspects of
weight and body composition. The Tanita scale has been successfully used in different
studies and clinical settings (Giammattei, Blix, Marshak, Wollitzer, et al, 2003).
4.

The Nutrition Screening Tool
The nutrition-screening tool or food frequency questionnaire has

been designed with potential sensitivity and specificity for assessing intakes of the
nutrients that are of concern in vegan diets, and for screening possible nutrition indicators
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of osteoporosis disease risk. Research has shown that various FFQs have been
successfully developed and used for nutrition assessment and screening at the clinical,
community, and policy level (Block, 2001). The FFQ has the following characteristics:
>
>
>
>
>
>
>
>
>
>
>
>
>
E.

An attractive cover with the name of the tool and copyright information
18 pages of questions
A total of 316 all inclusive questions
1 page of instructions
76 support questions
14 different food categories
204 close-ended food frequency questions
16 specific open-ended food frequency questions (sub divided)
20 general open-ended food frequency questions (sub divided)
Food pictures
Motivation cartoons
Designated space for date and survey number
Backpage with appreciation and mailing instructions

Data Analysis
1.

Nutrition Analysis
Foods were analyzed nutritionally using the Nutrition Database

System for Research (v4.06, 5.0). The nutritional content of each food item on the FFQ
was analyzed to obtain assessment of all nutrients. Then further analyses were done on
the seven nutrients of interest, as well as energy. The probability approach was used to
analyze the adequacy of nutrient intake according to the standards of the US Dietary
Reference Intakes.
2.

Statistical Analysis
Statistical analyses included Pearson’s correlation coefficients for

the validation phase of the study. Log transformations and energy adjustment using the
residual regression method were used on the nutrient variables for correlation analyses.
Paired-samples t-tests using untransformed variables were also done to assess the level of
over-reporting or under-reporting by the instruments used.
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One-sample t-tests and the EAR cut-point probability statistical approach were
used for the screening phase pertaining to the DRIs. Log-transformed variables were
used for the t-tests; while crude intakes were used for the probability approach.
Regression analyses were used for the osteoporosis screening phase. The
residuals of nutrient variables were used. Also, both the nutrients and the dependent
variable (bua) were log-transformed. The dependent variable (tscore), as well as
covariates and support question variables, were untransformed. The Statistical Package
for Social Sciences (SPSS) version 10.0 was the program used to perform all statistical
analyses.
F.

Power/Precision Analysis
1.

For the Validation Phase
From review of the literature, correlation coefficients for validation

studies usually fall within the range of 0.3 to 0.7 (Thomson & Byers, 1994; Cade, et al,
2002; Willett, 1985; Munger, et al, 1992). Therefore, with a hypothesis of Ho: r < 0.3;
and Ha: r > 0.3, the minimum sample size (n) was calculated to be 91 for a desired lower
limit of one-sided 95% confidence interval at r = 0.3 and a population correlation of 0.45.
This study had a sample size of 100.
2.

For the Nutrient Adequacy Phase
Because evaluation of nutrient intake according to the DRI

standards was done for all subjects in the targeted vegan sample, the same sample size
used in the validation phase was also used in this phase. Therefore, the nutrient intake
adequacy of 100 vegan subjects was evaluated.
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3.

For the Bone Screening Phase
Using multiple regression analysis, the following hypothesis was

tested: Hq: bi = b2 = bs ... = bk = 0; HA: not all bj = 0. Where the “b” refers to the
regression coefficients for the nutrient variables and other covariates. With one nutrient at
a time accounting for R-squared of 0.1, and using 5 covariates accounting for R-squared
of 0.15, the minimum sample size (n) was calculated as 66 at an alpha of 0.5 and with a
power of 80%. Due to the inclusion/exclusion criteria for this phase, and the confined
locations at which the screening was able to be performed, a total of 30 subjects met the
criteria and obtained screens; thus yielding statistical power of 42%.
G.

Limitations
The authors of this study acknowledge the various limitations associated

with conducting a study of this nature. There is always the possibility of error when
dealing with recall instruments. Also, various biases including, instrument, interview,
and response bias, may have occurred. Furthermore, with FFQs, there is also the
possibility of overreporting. This study sought to address some of these limitations by
(1) including adult participants within ages of recall-reliability, (2) doing a pilot test of
the developed FFQ, (3) validating the FFQ, (4) Using energy-adjusted and logtransormed variables, (5) Using one trained interviewer who used consistent selections of
questions and prompts, and (6) maintaining a fairly large sample size for the first phases
of the study.
Another major limitation is that there is no real “gold standard” for validating the
FFQ against. But like most other studies, this study relies on an average of multiple diet
recall reports (the minimum requirement in this case) (Willett & Lenart, 1998).
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The study sample used may not be entirely representative of the US vegan
population, since the participants were selected from a convenience sample. This study
sought to at least obtain the convenience sample from across different states of the nation,
and from different ethnic, religious, and economic backgrounds.
Constraints of resources in terms of time and money did not allow for use of a
larger sample size which would have increased statistical power; Neither could the
number of diet measures have been increased to compensate for moderate sample size.
Undoubtedly, this would have created less potential for attentuation in correlation
coefficients. Therefore, straightforward statistical manipulations to account for some
degree of measurement errors were relied upon. The study is also limited in not allowing
for a longer, more confirming period of assessment of usual intake. Hence the reliance
on support questions to obtain additional information related to vegan lifestyle duration.
Use of the EAR cut-point probability approach is not very useful for nutrients like
iron, due to its typically skewed requirement distribution; and for calcium, vitamin D, and
n-3 fatty acids, since they do not have EAR values. But an effort was made to give
quantitative assessment for as many of the nutrients as possible, and qualitative
assessment for all nutrients. Additionally, in assessment of the nutrient adequacy of
vegans, biochemical analyses would undoubtedly have added more weight than the DRI
standards, but obtaining biochemical tests on 7 different nutrients for 100 subjects across
different states, naturally proved to be highly unfeasible.
Use of the Contact Ultasound Bone Analyzer for the bone screens, also had
limitations since this equipment is not a diagnostic tool and thus can only be used for
screening purposes. Furthermore, its screening potential via the heel, correlates mainly
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with hip fracture risk, and therefore may not be accurate for predicting other important
risk sites. The heel ultrasound has also been found to be specific, but not necessarily
sensitive. That is, it has more ability to identify those without the disease, than those
with the disease. Nonetheless, because of its high correlation with hip fracture risk, as
well as its relatively low cost, its portability, the use of ultrasound instead of xrays, and
the brief time required per screen, it was the next best option instead of the more
accurate, but expensive and involved bone analyzing procedures like the dual energy xray
absorptiometry.
H.

Research Ethics
Before the validation stage of the study, the principal investigator took

necessary steps to obtain IRB approval, and the prospective study participants were
required to fill out consent forms. Additionally, appropriate incentives for participant
time and effort were provided. Each subject who completed the study received a check
of $25.00, an individual nutrient analysis print out, a ‘Thank You’ card, and a Vegan
Study 2005 Gift Calendar.
Confidentiality was ensured through use of research identification numbers
instead of names; while the names and contact data were compiled and made accessible
to only two research staff. For publications (current and future), summary statistics for
the vegan subjects are presented for the group, and not for individuals.
Participants were assured of procedure safety. For instance, detailed information
was given concerning the ultrasound procedure - e.g. It is a non-invasive procedure; the
achilles site is easily accessible, the gel used is a non-irritant/allergen, and there is no
exposure to harmful rays. For the Tanita scale, subjects were assured that there was no
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likely harm to them in terms of electrical shock. Both instuments were sanitized with
either lysol wipes or rubbing alcohol after each subject screened.
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ABSTRACT

Objective: To validate nutrient intake for seven selected nutrients deemed relevant to
potential inadequacy concerns for vegans, from a food frequency questionnaire (FFQ)
developed de-novo for vegans in the United States, against nutrient intakes from a
standard reference method.

Design: An original FFQ was developed for vegans. Each subject completed the FFQ at
baseline, and three 24-hour diet recall telephone interviews over a nine-month period.
Using the weighted average of each nutrient from the diet recalls, and log-transformed
energy adjusted nutrient intakes from both methods, statistical correlations were
performed.

Setting: This study was an observational study among vegans from 18 different states,
Hawaii, and Canada.

Subjects: A convenience sample of 100 vegan subjects (76 females, 24 males)
completed the study.

Results: Pearson’s correlation coefficients ranged from 0.38 to 0.61 for six of the seven
nutrients of interest (protein, vitamin B12, vitamin D, zinc, iron, and n-3 fatty acids).
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Conclusions: We conclude that when using weighted diet recalls as a reference method,
the vegan FFQ produces comparable intake assessment for protein, iron, vitamin Bn,
vitamin D, zinc, and n-3 fatty acids.

Running Title: Vegan Food Frequency Questionnaire vs 24-Hr Recalls
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A.

Introduction
Interest in the vegetarian lifestyle has increased significantly in the

United States over recent decades1'4. With this increasing trend, and with various
health benefits being one of the main reasons for the focus5'16, it has become necessary
to find readily available methods for assessing vegetarian diet patterns, particularly
with respect to specific nutrient profiles.
Various authors have outlined important benefits of vegetarian diets relevant to
o

17 1Q

on

the general population ‘ and to women . Others have identified specific components
of plant-based diets that may account for these benefits 21-30,4,12 , including lower intakes of
fat and cholesterol, and increased intakes of fruits and vegetables, whole grains, nuts,
legumes and soy, with their inherent concentrations of various phytochemicals,
antioxidants, fiber, and protective nutrients like vitamin C, vitamin E, folate, provitamin
A, copper, potassium, and magnesium 31,32,17 . It is therefore no surprise that the position
of the American Dietetic Association and Dietitian’s of Canada regarding vegetarian
diets suggests that such dietaries, when appropriately planned, are healthful, nutritionally
adequate, and provide health benefits in the prevention and treatment of certain
diseases33,34.
Amidst the vegetarian milieu of health and nutritional benefits however, the
potential for deficiency in selected and important nutrients, cannot be negated and should
not be ignored. There remains concern of deficiency and inadequacy for specific
nutrients of interest, particularly for those practicing an exclusively plant food diet. The
vegan diet engenders more concern than other common vegetarian lifestyles because it
seeks to replace all nutrient-rich animal food products with only plant foods. Some of the
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nutrients seem to be of more concern than others ’ ’ , and the nutrients of concern to
vegans include protein39-42,35,17 , calcium and vitamin D43"46, vitamin B12 47,48,36,17 , n-3 fatty
acid49’50, iron51’52’17 , and zinc 51,40,36,17 . This justifies the need for appropriate nutrition
assessment methods specific to the vegan population.
Among the various methods of nutrition assessment, food frequency
questionnaires (FFQs) emerge as a fairly reliable, easily administered, inexpensive tool
to be used53,54. Previous studies have developed or modified various food frequency
questionnaires to assess adequacy of nutrient and food consumption patterns; diet
patterns and nutritional status of target population groups; and associations of diet and
chronic disease risk55'59. However, no study has yet sought to develop and validate a
food frequency questionnaire specific to the vegans living in the United States.
We proposed that a well-developed and validated food frequency questionnaire
(FFQ), can be effectively used as a nutrition screening tool to address the nutrientrelated concerns among vegans.
B.

Methods
1.

Subjects
For the questionnaire development phase, fifty self-defined vegans

were recruited via email networking with the Vegetarian Resource Group from across the
Unites States. Diet histories were obtained from each participant, in order to ascertain the
major contributing food sources in their diet for the nutrients of interest.
For the validation phase, a convenient sample of the target population was
generated from telephone/email contact lists provided by the Vegetarian Resource Group;
various other vegetarian organizations; Seventh-day Adventist churches in the Inland
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Empire of Southern California; and via recruitment fliers posted at Loma Linda
University.
Participants were included in the validation phase of the study if they were
practicing a vegan lifestyle for at least nine months prior, and were within the age range
of 25 to 75 years. For this phase of the study, vegans were defined as individuals who
used no meat, fish, or poultry, and who used dairy products or eggs less than once per
month. One hundred and thirty two prospective participants were recruited. Fifteen
questionnaires were not returned. Eight subjects discontinued their participation for
personal reasons, two did not meet the vegan criteria, and five were lost to follow-up
after the first diet recall. One hundred subjects (24 males and 76 females) completed the
validation phase of the study. Ninety-seven were from eighteen different U.S. States, one
from Hawaii, and two from Canada. Table 1 describes the characteristics of the subjects.
2.

The Food Frequency Questionnaire
a Generating the FFQ Food List. A diet history was obtained from 50

self-defined vegans via telephone-conducted interviews or electronic mail
correspondence. From the collective data, 330 single foods were reported as being used
on a regular basis (> twice/month). Typical portion size information was also obtained.
A tally of the portion sizes and the gram for each portion size reported was made. The
product of the gram weight portions and the number of persons reporting the portion size
was summed, and the mean portion size for the vegan sample was obtained. However,
some of the participants reporting use of particular foods did not report portion sizes on
all foods.
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The 330 foods were each entered in 100-gram amounts in the Nutrition Data
System for Research (NDS-R) Database version 4.06_34 © 2003 Regents of the
University of Minnesota. In this study, the Block method60,53 with specific modifications,
was used to identify which foods contributed to a total intake of 80% of each nutrient of
interest61. The specific calculations used are presented below.
Mean portion size x total reported use (subjectfrequency) x unit amount of nutrient per
100 gram offood item = amount of the nutrient contributed by the food item. Divided by
the total amount of the nutrient provided by all the foods x 100 = % nutrient contribution
The cumulative percentage was then found to ascertain the foods providing 80%
contribution of each nutrient of interest. These foods formed the basis for the food list.
Focus groups, and dietitians with an interest in vegetarian diets, were then consulted in
regards to the list generated. Modifications to the list were made accordingly. The
questionnaire was then pilot-tested on a sample of vegans, and further modifications were
made. The final list of food items were then entered into the NDS-R v 4.06 and coded to
produce a nutrient analysis for each item or grouping.
b. Deciding on the FFQ Frequency Format. Although studies have shown
that using participant-reported frequencies may yield higher coefficients and better
quartile agreements than close-ended, pre-coded frequency categories62, the vegan FFQ
was structured for ease of coding, so a close-ended frequency format was used. The FFQ
has 6 frequency options ranging from “Never or Rarely” to “2 to 3+ times/d”. This falls
within typical frequency ranges of other FFQs63.
c. Deciding on Portion Size/Serving Format. The portion size section in
this FFQ has 3 close-ended options based on the different food items, and on the portion
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sizes most frequently reported by the sample of vegans in the preliminary and pilot
studies. While there might be disadvantages to using standard pre-determined portion
sizes, advantages of using standardized rather than reported portion size data include
simplification of the FFQ, and decrease in cost of data collection64.
d. Choosing Support Questions. The FFQ includes support questions to
capture information that the food frequency or portion size aspects cannot give. These
were based on demographic, health, and lifestyle information.
5.

The Reference Method
The FFQ was validated against a ‘reference method’ for nutrition

assessment. The 24-hr recall was the reference method of choice. The FFQ was
administered to the subjects at baseline. This was followed by three unannounced diet
recalls over a nine-month period. Recalls were obtained in the spring, summer, and fall
from each subject to capture seasonal foods. Two weekday recalls and one actual or
typical week-end recall was obtained from the subjects.
Each subject’s three recall analyses were created by the NDS-R Database version
5.0_35 © 2004 Regents of the University of Minnesota. To obtain an appropriate ratio of
weekend days to weekdays65 a weighted mean intake was computed from the three diet
recalls in order to represent intake over a week. The specific calculation used was:
weighted average for each nutrient per day = (WE*2 + WD*5/2 + WD*5/2)/7
Where WE represents the weekend intake of nutrients, and WD represents the weekday
intakes of nutrients. This gave the weighted average intake per day.
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4.

Nutrient Calculations and Statistical Analyses
For the food frequency questionnaire intake, each subject’s

response was entered into a statistical database using the Statistical Package for Social
Sciences (SPSS) version 10.0 software. The list of food questions on the questionnaire
was also entered into the NDS version 5.0 database, each with the middle portion size
option. Specific open-ended line items (identified by brand name, etc.) were included in
the analyses. General open-ended food items however, were not included in the analysis,
in an effort to avoid the introduction of ambiguity and error , but were noted for future
improvement and modification of the questionnaire.
The nutrient analysis was then merged with the SPSS data using a syntax formula
{frequency factor x portion factor x weight factor) for each listed FFQ. The weight
represents the unit amount of the nutrient for the middle portion size option. The
resultant values were then summed and divided by seven, to give the total FFQ intake
values per day for each nutrient of interest. All nutrient intake distributions from the two
assessment methods improved in normality with natural log transformations. The
resultant variables were adjusted for energy since this along with a large enough sample
size helps to reduce a reasonable degree of measurement error66,67. Correlation
coefficients and paired samples t-tests were used for analysis.
C.

Results
Based on the diet history data from the original 50 vegan participants, 330

single foods were reported as being used on a regular basis (> twice/month). 180 single
foods were identified as contributing to 80% intake for each of the nutrients of interest in
the study population. After focus group input and dietitian consultation, a list of 220
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foods was obtained. This list was incorporated in the initial questionnaire and pilot
tested. Eight foods were added, eight others were omitted, and sixteen items were made
specific open-ended questions with sub-divisions, due to brand names, types, or flavors.
These included dry cereals, non-dairy milk, pasta, margarines and salad dressings. Other
changes made included modifications to portion and frequency options, addition of
general open-ended line items (e.g. “other fruits used”), relevant support questions, and
improvements in the general layout of the questionnaire.
From the validation phase, table 2 shows that intakes from the two methods
produced Pearson correlations within the typical range found in most validation studies,
for six of the nutrients of interest: Vitamin D (0.46), vitamin B12 (0.40), protein (0.37), n3 fatty acids (0.61), iron (.47), and zinc (0.51). Table 3 shows a comparison of means for
the nutrient intakes from both methods using paired sample t-tests. The results
demonstrate significantly higher intakes from the FFQ compared to the diet recalls, for all
the nutrients, except vitamin B12. This seems to indicate variable degrees of over
reporting by the FFQ. For instance, FFQ-reported calcium was 119% of the diet recall
calcium. Observed intakes of protein, n-3 fatty acid, zinc, vitamin D, and iron from the
FFQ were 54%, 48%, 48%, 22%, and 5% respectively, above the diet recall.
When correlations were performed between the FFQ and each of the three diet
recalls (data not shown), correlations with the third recall were highest, and bore similar
trends to those with the weighted diet recall. This might be indicative of the relation
between foods typically used during the fall as reported by the third diet recall, and foods
recalled on the FFQ as used within the nine-month period prior to the spring baseline,
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which would also have included the fall season. The FFQ and the second recall were the
least correlated.
D.

Discussion
The food frequency questionnaire proposed in this study is one with

potential sensitivity and specificity for assessing intakes of the nutrients that are of
concern in vegan diets.
1.

FFQ Development
Food frequency questionnaires are either developed de novo, or as

a modified version of a previously existing FFQ. Either way, the purpose or intended use
of the questionnaire, and the target population in which it is to be used, must first be
determined. As such, we endeavored to capture foods that vegans typically eat by
obtaining diet histories from a sample of vegans, and by consulting with focus groups and
registered dietitians with special training in vegetarian nutrition.
The FFQ in this study was designed to comprehensively capture foods in the U.S.
vegan diet that provide the seven nutrients of interest. It is therefore relatively lengthy.
Questionnaires targeted to few or specific nutrients or foods tend to be shorter than more
/'o

comprehensive or whole diet assessments . But while shorter FFQs may be less timeconsuming or burdensome to fill out, they are not necessarily superior, since clarity and
ease of administration can compensate for length68.
FFQs are not necessarily suitable for estimating actual nutrient intake, but are
useful in categorizing persons according to usual intakes and identifying persons
according to intake extremes69. Therefore, use of the FFQ in this study can facilitate
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assessment of usual intake, and the classification of the targeted vegan population into an
under-nutrition or adequate nutrition group.
The main components of a FFQ include the food list, the frequency options, the
portion size options, support questions, and instructions. Nutritional epidemiologists
have shown that there are different methods that can be used for developing the food list
of a questionnaire. A simple approach is to examine published food composition tables
or consult focus groups, and identify a comprehensive list of foods that contain
substantial amounts of the nutrients of interest; the disadvantage to this approach lies in
the fact that although foods with high concentration of the nutrients will be captured,
many of these foods may not even be eaten by the target population or may be eaten so
infrequently that they make no important contribution70. The list can also be
systematically reduced by either pilot testing the questionnaire, or by simply deleting
foods that although used, are used infrequently. This approach will of course miss some
important between-person variation information70.
Other approaches may seek to include foods on the food list based not only on
nutrient intake but also on prior information that an association may exist between use of
that food or food group and a particular condition or health risk71. Various other studies
have either modified or designed questionnaire food lists to reflect the consumption of
target foods and populations, by examining relevant cookbooks and food labels72, using
nationally available nutrient databases, and interviewing focus groups73. Researchers can
also find out about the eating habits of target populations based on secondary analysis of
large national surveys74.
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Some researchers suggest a more in-debt, step-wise regression approach with the
following important characteristics: The food item must differentiate between
individuals, it must be eaten by a considerable number of the target population, contain a
substantial amount of the nutrients of interest, and the use of the foods listed must vary
from person to person . One disadvantage with this approach is that some of the foods
that show up as being statistically significant contributors may not make sense in terms of
even containing the nutrient. This might be due to association between that particular
food and another more plausible food item.
Other researchers suggest that the food list be selected on the basis of their
contribution to total population intakes of the nutrients of interest, by representing a
contribution of for example, 90% for each of those nutrients53. Important nutrient
contributors in this approach are unlikely to be missed, but some measure of arbitrary
groupings or collapsing of variables would be necessary. A modification of this
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approach, according to Willett , might be to tally foods reported via open-ended methods
in a sample of the study population. This would capture information regarding familiar
names or descriptions of foods, particularly for ethnic or unique groups, and a tally of
portion size can simultaneously be made. We therefore chose to use a modified version
of the Block Method.
We looked for an 80% contribution, since we were dealing with a more limited
list of nutrient contributors due to the absence of animal products. We also tallied foods
and portion sizes reported in the diet histories. Tallying of foods helped us decide on
which foods to include and which foods to omit in the initial 330 food items. For
example only one person reported use of a product called “juvo vegetables, ” therefore
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this item was not included. From a tally of the reported portion sizes, a mean portion size
was obtained for each food item used in the vegan sample. We also decided that
although arbitrary food groupings and subdivision decisions would have to be made, at
least they would be based on informed input from focus groups, special dietitians, and
pilot testing among vegans.
We chose not to have too many groupings however, as this poses quite a
challenge for respondents to estimate, since some of the items in a collapsed group might
be more frequently consumed than others in the same grouping 76,70 . As such we
anticipated a greater degree of nutrient intake overestimation due to the number of single
line items and sub-divisions in the FFQ, than of underestimation due to grouped items63.
We also sought to place related items together and special items (e.g. whole wheat pasta)
before regular items (e.g. plain pasta) 63,70, so that respondents would not have to make
unnecessary assumptions.
For the frequency and portion size sections, we used quantitative options since
actual nutrient intake calculations were being made. The semi-quantitative format was
not used either, because we felt that respondents who used portion sizes other than the
pre-determined ones, would have had additional mental calculations to perform and
thereby lower the degree of accuracy in estimations. While this would have been
disadvantageous, we recognize that there are advantages to using standard or pre
determined portions rather than reported portion size data; e.g. simplification of the FFQ,
and decrease in cost of data collection64.
Some studies show that using open-ended frequencies may yield higher
coefficients and better quartile agreements than pre-determined frequency categories62.
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However the challenge of coding open-ended responses can be quite forbidding, so we
used close-ended quantitative frequency responses for ease of coding. We also surmised
that individuals typically do not use an item more than three to four times per day, so we
used a range of 6 options, with “2 to 3+ times/d” as the highest frequency option, and
“Never or Rarely” as the lowest frequency.
2.

FFQ Validation
After the development of the FFQ we sought to validate the

instrument against a standard “reference method” in order to evaluate whether the tool
was measuring what it was intended to measure63. There are various methods used to
validate food frequency questionnaires: biochemical markers, food diaries or records, diet
histories, and 24-hr diet recalls. Biochemical markers are uncorrelated with any errors
associated with diet intake measures, such as reliance on memory, intake estimation
errors, and correlated errors from food composition tables or a nutrient database.
Disadvantages however, include, unavailable or unreliable biomarkers for some nutrients,
susceptibility to factors unrelated to diet intake77, as well as procedures that are generally
invasive, and high laboratory costs.
In terms of diet intake methods, the superior method or ‘gold standard’ for
validating an FFQ is the diet record because its errors are least correlated with the FFQ
due to non-dependence on respondents’ memory, and its measures of portion size and
frequency are made more directly and therefore reported more accurately. This method
however, increases the burden of respondents because of the recording, and in some
cases, the weighing process. Additionally, the recording process may actually serve to
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change the usual eating habits of respondents since of necessity they will be paying more
attention to what and how much they eat78.
This is not usually seen with the use of either the diet history or 24-hr diet recalls,
especially when the recalls are taken non-consecutively and unannounced. But the
disadvantage of using these assessment measures lies in the fact that respondents must
rely on memory for estimations. For the 24-hr diet recall however, the challenge of recall
is to a small degree combated by the fact that it is typically taken for the immediate
previous day or 24 hours, and respondents may be more likely to recall the short-term
information fairly accurately79. Another advantage of the 24-hr diet recall is that it is
quite appropriate for use in less literate or less motivated study populations. Although its
errors are more correlated with FFQ methods than the diet record78, the 24-hr recall has
proven to be more cost-effective and certainly less burdensome to respondents than other
diet assessment methods. In an effort to reduce the burden of respondents, and because
of financial and other constraints, the 24-hr diet recall was the “reference method” used
for validation in this study. Review of literature shows that many studies have
successfully used the diet recalls as the reference method in validation or calibration
studies 80-83.
Some methods are administered once at baseline or more than once (pre and post)
to evaluate reproducibility as well as validity. But a high degree of reproducibility does
not always guarantee a high degree of validity, so we administered the FFQ once as we
focused on validity. The FFQ in this study was designed to capture usual intake over the
previous nine months. The three diet recalls were taken months apart, during the spring,
summer, and fall periods (beginning at baseline). This means the same time frame of
75

nine months was captured, but not the same time period. We however reasoned that
since the vegan subjects recruited were supposed to be vegans for at least nine months,
usual intake measured by the FFQ for the previous nine months and intake measured by
the comparison method over the next nine months should not be vastly different due to
the unique and restrictive nature characteristic of vegan diets.
For the statistical analyses, we used correlation coefficients. In a review of
validation studies63, correlation coefficients were the most widely used statistic for
analysis. Correlation coefficients for validation studies usually fall within the 0.3 to 0.7
range 84,63,75,82 . We obtained correlation coefficients ranging from 0.38 to 0.61 for six of
the nutrients of interest. These are typical ranges particularly when supplements are not
included. Higher correlations are typically seen for nutrients that are found in a few
foods. This probably explains the higher r-values for n-3 fatty acids, vitamin D, vitamin
B12, and zinc. We however, do not rule out the possibility of high correlation coefficients
as a result of correlated errors found in both instruments, as described by Willett and
colleagues75.
We also realize that FFQ-observed intakes of calcium (r=0.19) may have been
influenced by brand name subdivisions for items like fortified milk substitutes, in which
this nutrient is richly concentrated. Also, over-estimation from the FFQ, as is typically
seen , and under-estimation from the diet recalls, as is usually the case for diet recalls
and records65, may in part account for the low r-value for calcium.
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E.

Conclusions
We conclude that the de-novo-developed FFQ for U.S. vegans produces

fairly comparable assessment with the 24-hour diet recall, for intakes of protein, vitamin
B12, vitamin D, n-3 fatty acids, iron, and zinc.
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TABLE 1. Demographic Data for 100 Subjects in the Vegan FFQ Validation Study

Race

n

Age

Native
American

3

25-29

Caucasian

Black

Asian

71

13

10

Other

3

Total

100

30-39

40-49

50-59

60-69
70-75

n

Vegan
duration

17 Never was

27

23

14

15

<1 year

1-3 years

4-10 years

>10 years

n

Education

0

Grade school

1

Some high school

1

High school

1

Trade diploma

3

Some college

13

Associate degree

5

Bachelors degree

28

Masters degree

30

Doctoral degree

17

5

19

42

33

n

4

100

99

N=100 (76 females, 24 males)

85

99

TABLE 2. Pearson Correlation Coefficients for Comparison of Nutrient Scores From a
Questionnaire Developed De-Novo for Vegans, With Weighted Means of Three 24-Hour
Diet Recalls
Nutrients a

Non-adusted
correlations'5

P-values

Calorie-adjusted
correlations0

P-values

Protein

0.36

.000

0.38

.000

Calcium

0.11

.266

0.19

.057

Iron

0.36

.000

0.47

.000

Zinc

0.39

.000

0.51

.000

N-3 fatty acid

0.49

.000

0.61

.000

Vitamin D

0.38

.000

0.46

.000

Vitamin

0.34

.000

0.40

.000

N=100
aNutrient intakes have been log-transformed using loge to improve normality.
bPearson r correlations for crude nutrients unadjusted for energy.
cPearson r correlations for energy-adjusted nutrients using the residual regression method
with energy intake as the independent variable and nutrient intakes as the dependent
variables.
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TABLE 3. Paired Samples Statistics Comparing Mean Intake Per Day for the
Vegan FFQ Scores and Three 24-Hour Diet Recalls

Paired differences

Nutrient pairs
DRb-FFQc

aMean
difference

df

+P-value
sig.
2-tailed

95% confidence interval
Lower

Upper

Protein

-32.52

99

.000

-42.74

-22.3017

Calcium

-810.77

99

.000

-1121.93

-499.61

Iron

-7.061

99

.000

-9.83

-4.295

Zinc

-4.402

99

.000

-5.82

-2.989

N-3 fatty acid

-1.267

99

.000

-1.83

-0.705

Vitamin D

-0.403

99

.048

-0.802

-0.004

0.014

99

.967

-0.644

0.672

Vitamin B12

N=100
aMean difference represents the difference between the untransformed intakes for diet
recall minus FFQ.
+2-tailed student’s one sample t test compared to zero.
Nutrient intakes from the diet recall (DR) represent the weighted mean of three recalls.
cNutrient intakes from the FFQ represent score values based on the product of portion
factor* frequency factor*portion weight.
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ABSTRACT

Objective: To evaluate the adequacy of intakes for selected nutrients in U.S. vegan
diets.

Design: A cross-sectional study in which intakes for seven nutrients of concern in vegan
diets, were assessed based on US DRIs, using multiple diet recalls and a validated vegan
FFQ.

Subjects/setting: A convenient sample of 132 adult vegans was recruited from 18 US
states, Hawaii, and Canada. A baseline FFQ developed de-novo for vegans was
administered, along with three telephone-conducted 24-hour diet interviews over a ninemonth period. One hundred (76 females, 24 males) subjects completed the study.

Main outcome measures: The main outcome measures were observed diet recall and
FFQ intakes for protein, vitamin B^, n-3 fatty acids, iron, zinc, calcium, and vitamin D;
relevant DRI values; and group proportion of adequacy.

Statistical analyses performed: One-sample t-tests and the EAR cut-point probability
approach were used to assess mean differences between observed nutrient values and the
DRIs, and to analyze the proportion of adequacy for each nutrient.
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Results: T-tests from both methods demonstrated higher intake values than the DRI for
protein, n-3 fatty acids, and iron; and lower intakes of vitamin D. Other nutrients
produced contradicting results. The probability approach via both methods, estimated
more than 60% of the vegans with adequate intakes of iron, n-3 fatty acids, protein, and
zinc.

Applications/conclusions: We conclude that in this sample of US vegans, FFQ-reported
intakes of protein, iron, n-3 fatty acids, and zinc were adequate when compared to the US
DRIs; and were comparable with 24-hr diet recall assessment.
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A.

Introduction
In the early 1900’s, nutrition advice and emphasis was on high-energy

foods due to the then prevailing infectious and deficiency diseases. As such, animal food
products represented a very large proportion of the foods emphasized (1,2). By mid
1990’s, diet regimens without animal foods were typically viewed as deficient, and
reflective of cult-like behaviors (3-6); and most early studies on the vegetarian diet
typically presented negative connotations.
In time however, disproportionate consumption of high calorie, high fat, and high
cholesterol foods soon produced a shift from deficiency diseases prevalence to chronic
disease prevalence (1), and a resultant change in diet emphasis. Thus, by the mid to late
1900’s, Americans were being advised to eat more plant-based foods (7,4) and practice
moderate use of animal foods (1). Between 1984 and 1994, the vegetarian population in
the United States doubled in number from a little over 6 million to 12.4 million (8), and
interest in vegetarianism in recent years, has shown a definite growth trend (9,10,3).
Various authors have outlined important benefits of vegetarian diets relevant to
the general population (4,2,11) and to women (12). Others have identified specific
components and characteristics of plant-based diets that may account for these benefits
(7,13-22,3), including lower intakes of fat and cholesterol, and increased intakes of fruits
and vegetables, whole grains, nuts, legumes and soy, with their inherent concentrations of
various phytochemicals, antioxidants, fiber, and protective nutrients like vitamin C,
vitamin E, folate, provitamin A, copper, potassium, and magnesium (23,24,4). It is
therefore no surprise that the position of the American Dietetic Association and
Dietitian’s of Canada regarding vegetarian diets suggests that such dietaries, when
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appropriately planned, are healthful, nutritionally adequate, and provide health benefits in
the prevention and treatment of certain diseases (25,26).
Despite these health benefits however, there remains concern of deficiency and
inadequacy for specific nutrients of interest, particularly for those practicing an
exclusively plant-food diet such as the vegan diet. Some of the nutrients seem to be of
more concern than others (25,27,28), and the nutrients of concern to vegans include
protein (29-32,27,4), calcium and vitamin D (33-36), vitamin B12 (37-39,4), n-3 fatty acid
(40,41), iron (42,43,4), and zinc (42,30,39,4). The main reasons for concern include less
nutrient content per unit plant food, less quality, low bioavailability, and lower saturation
of serum. This therefore justifies the need for ongoing nutrient adequacy assessment
methods that are cost-effective and easily administered to this population.
We therefore sought to assess dietary adequacy of the above-mentioned
nutrients of concern based on the United States Dietary Reference Intakes (DRIs), in a
sample of vegans. We used multiple diet recalls and a vegan FFQ developed de novo,
as the assessment instruments. To the best of our knowledge, no other study has
assessed the U.S. vegan diet using an FFQ specifically designed for vegans and
compared it to assessment from a more standard nutrition assessment method.
B.

Methods and Materials
1.

Subjects
A convenient sample of vegans was generated from

telephone/email contact lists, provided by the Vegetarian Resource Group, various other
national and local vegetarian organizations, Seventh-day Adventist churches in the Inland
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Empire of Southern California, and via recruitment fliers posted at Loma Linda
University in California.
Participants were included in the study if they were practicing a vegan lifestyle
for at least nine months prior, and were within the age range of 25 to 75 years. Vegans
were defined as individuals who used no meat, fish, or poultry, and who used dairy
products or eggs less than once per month. One hundred subjects (24 males & 76
females) completed the validation phase of the study. Ninety-seven were from eighteen
different US States, one was from Hawaii, and two were from Canada. Table 1 describes
the characteristics of the subjects.
2.

Procedures
The FFQ was administered to the subjects at baseline. This was

followed by three unannounced diet recalls over a nine-month period. Recalls were
obtained in the spring, summer, and fall from each subject to capture seasonal foods.
Two weekday recalls and one actual or typical weekend recall was obtained from the
subjects since it has been reported that dietary intake differs according to days of the
week (44).
Each subject’s three recall analyses were created by the NDS-R Database version
5.0_35 © 2004 Regents of the University of Minnesota. To obtain an appropriate ratio of
weekend days to weekdays (45) a weighted mean intake was computed from the three
diet recalls in order to represent intake over a week. The specific calculation used was:
weighted average for each nutrient per day = (WE*2 + WD*5/2 + WD*5/2)17
Where WE represents the weekend intake of nutrients, and WD represents the weekday
intakes of nutrients. This gave the weighted average intake per day.
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For the food frequency questionnaire intake, each subject’s response was entered
into a statistical database using the Statistical Package for Social Sciences (SPSS) version
10.0 software. The list of food questions on the questionnaire was also entered into the
NDS version 5.0 database, each with the middle portion size option. A tally was made of
the specific open-ended line items reported. General open-ended food items were not
included in the present study analysis, but were noted for future modifications of the
questionnaire.
The nutrient analysis was then merged with the SPSS data using a syntax formula
{frequency factor x portion factor x weight factor) for each listed FFQ. The weight
represents the unit amount of the nutrient for the middle portion size option. The
resultant values were then summed and divided by seven, to give the total FFQ intake
values per day for each nutrient of interest. To analyze the data, we used the United
States Dietary Reference Intakes (46) set by the Food and Nutrition Board of the Institute
of Medicine, as the standard reference of comparison.
3.

Statistical Analyses
For each nutrient of interest, a t-test was first performed to observe

the mean difference in intake between the observed intakes from both instruments, and
the recommended intake; i.e. the relevant DRI value based on age and sex. All variables
for t-test assessment were log-transformed before analyses. For the standard references,
the DRTs Recommended Dietary Allowance (RDA) value was used for protein, iron,
zinc, and vitamin B12; while the DRTs Adequate Intake (AI) value was used for calcium,
vitamin D, and n-3 fatty acids. Mean differences from both assessment methods were
then compared.
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The other statistical analysis used was the Estimated Average Requirement (EAR)
cut-point probability approach (46), which gives an estimate of the proportion of vegan
subjects with adequate intakes for relevant nutrients. Essentially, this was accomplished
by observing the percentage of subjects with intakes above or below the EAR value.
Since calcium, vitamin D, and n-3 fatty acids do not have EAR values, the actual AI
value was used as the cut-point to at least estimate the proportion of subjects who have
intakes that are more than likely adequate, although no conclusions could be made about
% inadequacy (46).
C.

Results
One-sample t-tests using both instruments, demonstrated mean differences

of greater intake values than the standard DRI values for protein, n-3 fatty acids, and iron,
but lower intakes for vitamin D. Results from the two assessment methods appeared to
give conflicting results for zinc, calcium, and vitamin B12. The diet recall intakes were
lower for zinc (not significant), and calcium, but higher for vitamin B12 (not significant).
The FFQ intakes were higher than the DRI values for zinc and calcium (not significant),
but lower for vitamin B12 (not significant). Table 2, and Figure 1 summarize the mean
differences for the t-test data; while table 3 gives a comparison of actual intake and DRI
values.
Results for the EAR cut-point probability approach are summarized in table 4.
This statistical approach demonstrated a group proportion of 98%, 96%, 86%, 62%, 62%,
21%, and 4% intake adequacy for: iron, n-3 fatty acids, protein, zinc, vitamin B12,
calcium, and vitamin D, respectively, via diet recall reports. The vegan FFQ gave the
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following group proportions of adequacy: iron (99%), n-3 fatty acids (95%), protein
(90%), zinc (86%), vitamin B12 (50%), calcium (48%), and vitamin D (4%).
D.

Discussion
Contrary to the FFQ, the diet recall reported higher B12 intakes than the

RDA value (t-test), but it was not significantly higher (p=.713). In fact, for all the
conflicting t-test results, when one instrument showed higher or lower intakes than the
reference value, the observed value from one or the other instrument was found to be not
significantly higher or lower, accordingly. Moreover, when looking at actual DRI value
and observation intakes, seemingly conflicting t-test results for some of the nutrients (e.g.
vitamin B12) were not as conflicting after all (Table3).
However, mean intake comparisons with the RDA can only be used as a
qualitative gauge of adequacy (47). Therefore, it can be said that the probability of
inadequacy with intakes above the RDA is low since the RDA values are sufficient to
meet the requirements of about 98% of healthy people in the population. However, there
can still be individuals whose intakes are above the RDA value, but below their
individual requirement, based on body size, metabolism, physiological state, etc.
The EAR cut-point probability approach is an estimate of the percentage of
individuals with intakes less than their individual requirements (46). Since information
on individual requirements is not always available, the EAR cut-point method only
requires information on nutrient intake distribution, to provide estimates of adequacy or
inadequacy very similar to those provided with knowledge of individual requirements
(47,48). This comparability is more likely to be achieved when the following
assumptions are met: The nutrient has an EAR value; intakes and requirements are
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independent; the requirement distribution is symmetrical around the EAR, and the
variance in intakes is larger than the variance in requirements. As such, some nutrients
are more or less appropriate than others for use in the EAR cut-point approach.
For example, energy intakes and requirements are not typically independent.
Also, directly related to this study, calcium, vitamin D, and n-3 fatty acids do not have
EAR values; while iron requirements are known not to be symmetrical for menstruating
females (46,48). Therefore, for calcium, vitamin D, and n-3 fatty acids, results reported
in Table 4 should be interpreted as a qualitative. However, we used the AI value as the
cut-point, since group mean intakes above the AI can generally be assumed to have a low
prevalence of inadequate intakes (46).
Calcium adequacy as estimated by the diet recall (21%) was much lower than the
FFQ (48%), probably reflecting the lower t-test values of the diet recall (p=.000), when
compared with the DRI values. For vitamin D, adequacy of intake was reflected in only
4% of the vegans for both instruments. This was consistent with results from the t-test
for both instruments. Yet we still cannot say with certainty that vitamin D intake is a
major problem in this sample of US vegans, not only because of the lack of EAR value
for the nutrient, but also because our study and analyses focused mainly on nutrients
obtained from foods (natural and fortified) and not from supplements. However, it was
observed that only 18% of the subjects reported regular use of vitamin D supplements.
The conventional probability approach and not the cut-point method might be
more suitable for iron requirement distributions (48), especially when the variables are
continuous and come from one age group. However, since our subjects were categorized
by ages spanning from 25 to 75, and because there is in fact an EAR value for iron for
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different ages and sex, considering the menstrual losses, etc., we still included this
nutrient in the EAR cut-point probability analyses to at least give a gauge in comparison
with the t-test.
In this study, the EAR cut-point probability approach via both methods, estimated
more than 80% of the vegan study population having adequate intakes of iron, n-3 fatty
acids, and protein. For vitamin B12, both instruments estimated only about half of the
study population had adequate intakes. These results were also compatible with the t-test
results.

For zinc, the probability approach using the FFQ, suggests that 86% of the

vegans had adequate intakes; while the diet recall gave a probability of 62% adequacy.
Finally, we realize that the vegan FFQ, like many other FFQ assessments (49),
over-reported intakes for a majority of the nutrients of interest, while the diet recall
underestimated some of the intakes, as is typically seen for diet recalls and diet records
(45). Despite these over- and under-estimations however, we still observed very similar
trends in results for both methods of assessment (FFQ vs diet recall), with respect to
estimations of inadequacy and surpluses for the nutrients of interest, when compared to
the US DRIs.
E.

Conclusion & Application
We conclude that in this sample of US vegans, both the vegan FFQ and

multiple diet recalls demonstrated food intakes of protein, iron, n-3 fatty acids, and zinc,
that were sufficient or adequate compared to the standard US DRIs. Vitamin D
inadequacy appeared to be a valid concern.
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TABLE 1. Demographic Characteristics of Vegans in the Nutrient Assessment Study
Race

n

Age

Native
American

3

25-29

Caucasian

Black

Asian

Other

Total

71

13

10

3

30-39

40-49

50-59

n

17 Never was

27

23

14

60-69

15

70-75

4

100

Vegan
duration

<1 year

1-3 years

4-10 years

>10 years

100

n

Education

0

Grade school

1

Some high school

1

High school

1

Trade diploma

3

Some college

13

Associate degree

5

Bachelors degree

28

Masters degree

30

Doctoral degree

17

5

19

42

33

99

N=100 (76 females, 24 males)

106

n

99

TABLE 2. Comparison of the Vegan FFQ Nutrient Scores and Three 24-Hour Diet Recalls in Assessing
Adequacy of Mean Nutrient Intake Against the U.S. Dietary Reference Intakes
T-Test
Test Value = DRI Standard Reference
Nutrient

§DR-DRI
t

Protein
Calcium
Iron
Zinc
N-3 fatty acid
Vitamin D
Vitamin B12

4.199
-11.271
6.061
-0.248
6.929
-16.434
0.369

Sig.
2-tailed
.000
.000
.000

.804
.000
.000

.713

aMean
difference
8.26
-445.3
4.917
-0.09
0.94
-5.04
0.08

*FFQ-DRI
t

8.677
0.833
9.371
6.348
11.589
-14.247
-2.31

Sig.
2-tailed
.000
.407
.000
.000
.000
.000

.818

aMean
difference
31.55
64.61
10.227
3.52
2.03

-4.68
-0.05

o

N=100 (76 females, 24 males); df=99
§Nutrient intakes from the diet recall (DR) represent the weighted mean of three recalls.
*Nutrient intakes from the FFQ represent score values based on the product of portion factor x frequency factor x
portion weight.
aMean difference represents the antilog for the mean log-transformed difference between observed intake and DRI.

TABLE 3. Comparison of Reported FFQ and Diet Recall Intakes to Actual DRI Values for U.S. Vegans

^
00

Nutrient3
(mean)

Protein (g)

Calcium
(mg)

Iron
(mg)

Zinc
(mg)

N-3
fatty acid (g)

V itamin D

V itamin B12

(ug)

(ug)

*FFQ

79.77

1126.66

22.50

12.16

3.24

1.76

2.35

CDRI

48.22

1062.05

12.273

8.64

1.21

6.44

2.40

bDR

56.48

616.75

17.19

8.55

2.15

1.40

2.48

N=100
Nutrient intakes represent the antilog of the log-transformed intakes.
^Nutrient intakes from the FFQ represent score values based on the product of portion factor x frequency
factor x portion weight.
hNutrient intakes from the diet recall (DR) represent the weighted mean of three recalls.
CDRI values represent the mean value based on age and gender for all subjects.

TABLE 4. Comparison of the Vegan FFQ Nutrient Scores and Three 24-Hour
Diet Recalls in Assessing Adequacy of Nutrient Intake Using the EAR Cut-Point
Probability Approach

Prevalence of adequacy (%)
^Nutrient

fDR

♦FFQ

Protein

86

90

Calcium

a21

a48

Iron

b98

b99

Zinc

62

86

N-3 fatty acid

c96

c95

Vitamin D

d4

d4

Vitamin B12

62

50

N=100 (76 females, 24 males); df=99
+Nutrient intakes from the diet recall (DR) represent the weighted mean of three recalls.
*Nutrient intakes from the FFQ represent score values based on the product of portion
factor x frequency factor x portion weight.
^Nutrient intakes for the Probability Approach represent crude intakes.
aCalcium adequacy based on % subjects with intakes above actual AI value
bIron adequacy interpreted with caution due to skewness of requirement distribution
cN-3 fatty acid adequacy based on % subjects with intakes above actual AI value
dVitamin D adequacy based on % subjects with intakes above actual AI value
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CHAPTER 6
OTHER FINDINGS
A.

Assessing the Screening Potential of the Vegan FFQ: Osteoporosis Risk
1.

Osteoporosis as a Chronic Disease Risk for Vegans
Apart from nutrient concerns, the risk of developing osteoporosis

is a potential chronic disease concern with respect to the vegan lifestyle (ADA, 2003).
This has been attributed primarily to the typically low BMI of vegans, their high
consumption of sulfur-containing grains, their relatively low protein intake, their lower
serum estrogen levels, and their increased calcium and vitamin D needs (Chiu, Lan,
Yang, Wang, et al, 1997; Kerstetter, Svastisalee, Caseria, Mitnick et al, 2000; Marsh,
Sanchez, Michelsen, Chaffee, et al, 1988; Hu, Zhao, Jia, Parpia, et al, 1993; Outila,
Karkkainen, Seppanen, & Lamberg-Allardt, 2000; Lamberg-Allardt, Karkkainen,
Seppanen, & Bistrom, 1993).
Apart from the more commonly reported nutrient-related factors like calcium,
vitamin D, and type of protein, the other nutrients of concern in the vegan diet - vitamin
B12, n-3 fatty acids, iron, and zinc, may also be related to osteoporosis risk due to low
intakes (Dhonuksshe-Rutten, Lips, de Jong, Chin, et al, 2003; Ilich, Brownbill, &
Tamborini, 2003; Kruger, Coetzer, De Winter, Gericke, et al, 1998; Fernandes,
Lawrence, & Dongxu, 2003; Albertazzi & Coupland, 2002) or excess intakes of protein
and iron (Kerstetter & Looker, 2000; Crawford, 2000; Van de Vyver, Visser, D’Haese, &
Broe, 1990).

Ill

2.

Screening for Osteoporosis Risk
We set about to determine whether the validated food frequency

questionnaire for vegans had the potential to successfully screen for osteoporosis risk by
looking for any possible diet-disease relationship.
Various measures are used to screen or test for osteoporosis or osteoporosisrelated markers. The outcome variables include bone mineral density (BMD) -the most
common outcome variable tested or screened, bone mineral content (BMC), bone
strength, and fracture risk. The “gold standard” for BMD testing is dual energy xray
absorptimetry (DEXA) since it has been found to be more accurate and discriminatory
than most other methods (Kellie, 1992; Damilakis, Papadokostakis, Perisinakis, Maris, et
al, 2004) such as quantitative, computerized tomography, dual photon absortiometry,
single photon absorptiometry, and radiographic absorptiometry. DEXA also has less
radiation exposure than some of the above-mentioned techniques. The disadvantages of
this method are the high costs, the need for high technology instruments, and it is not
readily available in various locations. These factors can therefore be quite prohibitive to
particular individuals who may need screening, but may not be in an appropriate financial
position or geographical location to obtain the same.
Alternative and more convenient screening methods include clinical risk factor
criteria surveys and quantitative ultrasounds (QUS) methods. Clinical risk factor criteria
that influence osteoporosis include questions related to family history of osteoporosis;
maternal fracture history; lifestyle practices which impact bone health, such as current
smoking habit and limited exercise; predisposing medical condition or therapy known to
affect bone metabolism; menopausal status; amenorrhea; HRT use; low BMI (Stewart &
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Reid, 2000; Frost, Blake, & Fogelman, 2001); and pertinent demographics such as female
gender, age>45, and race. The clinical risk factor criteria survey has however been found
to have less accuracy than QUS methods in BMD screening (Langton, Langton, &
Beardsworth, 1999; Stewart & Reid, 2000), when compared to the gold standard, and
when screening for risk of fracture (Pluijm, Graafmans, Bouter, & Lips, 1999).
Some researchers are of the view that QUS measures are more specific, than
sensitive (Johansen, Evans, & Stone, 1999; Naganathan, March, Hunter, Pocock, et al,
1999; Azcona, Burghard, Ruza, Gimeno, et al, 2003; Taal, Cassidy, Pearson, Green, et al,
1999). However, there are important advantages in using QUS methods. These include
no exposure to radiation, cost-effectiveness, portable systems, use of accessible
peripheral body sites, and information about bone architechture that might be important
in assessing or predicting fracture risk (Cvijetic, Baric, Bolanca, Juresa, et al, 2003;
Greenspan, Bouxsein, Melton, Kolodny, et al, 1997), particularly of the hip (Cummings,
Black, Nevitt, Browner, et al, 1993) and lumbar spine (Ross, Richard, Wasnich, & Vogel,
1988; Johansen, Evans, & Stone, 1999).
Our study chose quantitative ultrasound as the screening tool for osteoporosis
risk, using the contact ultrasonic bone analyzer (CUBA) clinical system; which is
basically a heel ultrasound producing broadband ultrasound attenuation (BUA) that
reflects correlations ranging from 0.4 to 0.8 (Baran, McCarthy, Leahey, & Lew, 1991;
Lochmuller, Zeller, Kaiser, Eckstein, et al, 1998; Greenspan,Cheng, Miller, Orwoll, et al,
2001) with bone mineral density of various sites, as measured by DEXA. Kang and
Speller (1998) found that the correlation between BUA and BMD increased from r=0.72
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to r=0.86 when BMD measures of the calcaneous was closely matched to the site of
ultrasound measurement.
For analysis and interpretation of the heel ultrasound, BUA, T-scores, and Zscores are used. The BUA or broadband ultrasonic attenuation measure is usually higher
in normal bone; i.e., it has higher attenuation since the more complex the structure of the
bone, the more sound waves will be blocked. Likewise, the greater the connectivity of
tissue, the faster the sound wave will pass through it.
T-scores are based on reference values from young normal adults (20yrs). The Tscore criteria and cut-point used in this study were based on the manufacturer’s
guidelines, as opposed to the commonly used World Health Organization (WHO) T-score
criteria for osteoporosis (2.5 or more SD below the normal reference) and osteopenia (1.0
to 2.5 SD below the normal reference) which is used in DEXA bone density assessments.
The normative data graph presented on the CUBA Clinical software uses three colorcoded measurement thresholds at T-score values of > -1.0 SD (green: meaning average);
-1.0 to -2.0 SD (yellow: meaning below average); and < -2.0 SD (red: meaning at risk of
fracture). The Z-score is based on reference values from age-matched normal adults.
3.

The Hypothesis
Using multiple regression analysis, the following hypothesis was

tested: H0: bi = bi = bs ... = bk = 0; and Ha: not all bj = 0. Where the “b” refers to the
regression coefficients for the nutrient variables and other covariates. With one nutrient at
a time accounting for R-squared of 0.1, and using 5 covariates accounting for R-squared
of 0.15, the minimum sample size (n) was calculated as 66 at an alpha of 0.5 and with a
power of 80%. Due to the inclusion/exclusion criteria for this phase, and the confined
114

locations at which the screening could be performed, a total of 30 subjects met the criteria
and obtained screens.
4.

Methods and Materials
a. Participants. Vegan women who met the sub-study criteria were

included for the bone screen. Inclusion-exclusion criteria for this phase included female
gender, ages 35 to 75, no previous BMD test or osteoporosis diagnosis, no alcohol use,
no cigarette smoking, and on no current hormone replacement therapy. Forty women
responded to the advertisement. Three did not meet the sub study criteria, and seven did
not return their questionnaires. A sample of 30 female vegans completed both the screen
and the questionnaire. Table 1 describes the characteristics of the subjects.
b. Procedure for Screening. We attempted to evaluate the screening
potential of the validated vegan FFQ by having an age- and gender-specific sub-sample
of vegans (n=30) screened for osteoporosis risk by seeking to determine whether their
bone density values, as measured by the CUBA Clinical System, had any association
with the nutrients of interest or known confounder items from the questionnaire. The
dependent variables were tscore and broadband ultrasound attenuation (BUA),
representing osteoporosis risk. Each FFQ-reported nutrient of interest served as an
independent variable; while the effects of BMI, age, exercise, duration of vegan lifestyle,
and supplement use relevant to each nutrient, were also evaluated as covariates.
The subjects were exposed to anthropometric measures of height, weight, and
body fat composition, as well as a heel ultrasound bone density test for osteoporosis. For
height measures, subjects were asked to remove their shoes and stand with their feet
together and their heels touching the wall on which a wall installed measuring tape was
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attached from floor to about seven feet. A headboard lever was brought down to the level
of each subject’s head, and the measurement was recorded in both centimeters and
inches.
Weight and body fat composition were measured on a Tanita Scale. The scale was
place on level ground. Subjects were asked to remove any metal trinkets like jewelry and
watches, as well as beepers, cell phones, etc., to avoid electrical conductivity. This was
important because the scale uses bioelectrical impedance as a means of analyzing body
composition in terms of % body fat, fat mass, etc. Subjects were asked to stand bare feet
(no shoes or socks) on the scale with their feet directly in the metal area. The
measurement was taken based on each subject’s recorded height, and the printout was
stapled to the subject’s file.
Each subject then proceeded to do the bone screen. Subjects were asked to sit in a
chair facing the portable CUBA Clinical system which was attached to a computer for
on-screen monitor and step by step instructions. The first set of instructions required ID,
height, birth date, and menopausal information. Foot size was measured on the foot
opposite to the dominant hand (i.e., if patient was right-handed, the left foot was used).
Appropriately sized foot inserts were then selected. The transducers on the instrument
were then opened and a pea-size drop of ultrasound gel was placed on both sides to
capture the bones on both sides of the heel. The subject’s foot was then positioned
between the transducers before closing them. Calf straps attached to the instrument were
used to limit or reduce movement. The computer instructions were followed and the scan
was taken.
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Measurements (BUA, T-scores, Z-scores, Sep or heel width, and % expected)
were then displayed on the computer monitor along with a color-coded graph to show the
subjects level of osteoporosis risk. The scan was repeated, and an average of the two
measurement values was recorded (all the paired values were very close, e.g. 71 vs 74).
These recorded values along with the % body fat value from the TANITA scale measure,
were then entered into the SPSS database already created for the vegan subjects. The
BUA and nutrient variables were log-transformed to improve normality. Tscore was
untransformed. Tscore and BUA were statistically analyzed with the energy-adjusted
nutrient intake values (Residuals) and relevant covariates from the FFQ using regression
models. The continuous BMI and AGE covariates were untransformed; while the other
covariates (exercise, duration of vegan lifestyle, and supplement-use) represent the crude
variables for original responses to ordered options of the support question. Because of
the limited number of subjects, only one nutrient and one covariate were entered in the
model at a time. Pearson correlations were also used to check for correlations among
co variates and among nutrients.
5.

Results/Discussion
Regression analyses demonstrated no significant association

between tscore or BUA and the nutrients of interest, even after accounting for covariates
in the model. Table 2 summarizes the results of regression models for tscore and the
nutrients of interest. However, age and age-adjusted iron supplements were the
covariates found to have significant association with tscore and BUA (Tables 3-6). The
significant contribution of age persisted with univariable addition of other nutrients and
covariates. Although no collinearity was found between covariates based on Pearson
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correlations less than 0.9 (Field, 2000), there were potential correlations between some
covariates, based on Spearman’s correlations. The significant association between ageadjusted iron supplements could not be further examined, since simultaneous addition of
more than two predictors was not possible due to the model’s limitation of 15 subjects
per predictor (Field, 2000).
We therefore realize that any potential diet-disease relationship may have been
diluted or attenuated toward the null hypothesis, not only because of the limited sample
size, but also due to various measurement errors that are expected from essentially all
non-perfect instruments (Kipnis, Subar, Midthune, Freedman, et al, 2003). Over
reporting, as is typically found when FFQ assessments are used (Michels, Bingham,
Luben, Welch, et, al, 2004), may have in part, accounted for the lack of association
observed between the nutrients of interest and osteoporosis risk. As such, higher FFQreported nutrients intakes by the vegans naturally would not be expected to predict
osteoporosis risk, based on the etiological hypothesis mentioned, except in the case of
protein (Kerstetter, Looker, & Insogna, 2000), and probably iron (Crawford, 1995).
In an effort to reduce some degree of measurement error, we used logtransformed and energy adjusted nutrient variables (Flegal, 1999). However, apart from
the fact that the effects of measurement error on energy adjusted models, can be very
complex (Kipnis, Midthune, Freedman, Bingham, et al, 2001), we did not attempt to
assess the impact of remaining measurement error, particularly because of the more
complex systematic within-person error typically found in FFQ assessments (Willett,
1998) which have not really been formally addressed in published literature.
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Furthermore, correction for measurement error was not quite feasible since no
data was collected on reproducibility of measurements for the FFQ instrument (Egger,
Smith, Pfluger, Altpeter, et al, 1999) as a gauge of measurement imprecision. Also, data
from a more accurate, uncorrelated measure of true exposure would be needed for the
correction formula (Willett, 1998; Kipnis, et al, 2003); which we did not have.
Support questions from the FFQ were also examined to take into consideration the
complex interplay of various factors that have been found to be associated with bone
health (Lim, Joung, Shin, Lee, et al, 2004). The support questions which had significant
association with tscore and BUA were FFQ no. 312: menopausal status, and FFQ no. 3:
“motivation for being vegan”. But the association between menopause and the dependent
variables became non-significant when age was accounted for (Tables 7-10).
The significant positive association between the dependent variables and
“motivation for being vegan” persisted even after accounting for age (Tables 11-14).
This suggests that increased responses in a particular response option as opposed to the
other options, was in some way related to increased tscore and BUA values.
Interestingly, 83% of the subjects chose health as their main motivation for being vegan.
It is therefore very likely that this health-conscious vegan sample may not be at high risk
for osteoporosis; which may in part explain the non-association observed between the
nutrients of interest and the dependent variables.
Descriptive data for additional observations that may have impacted the outcome
of the diet-disease screening potential of the FFQ, are provided in table 1 and tables 1517. These data include statistics on the subjects’ age distribution; the relatively short
length of time many of the vegans practiced the lifestyle; the possible impact of
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supplement use; lack of much variation in BMI values between the majority of subjects;
and regular exercise patterns by most of the subjects.
It has been demonstrated by various studies and reviews (Damilakis, Perisinakis,
Kontakis, Vagios, et al, 1999; Karlsson, Magnusson, Karlsson, & Seeman, 2001) that
moderate exercise plays a positive role in bone health and prevention of osteoporosis by
increasing peak bone mass, and reducing or restoring age-related lost bone. Ninety six
percent of this group of vegans reported regular exercise activities. With respect to BMI,
Barr and Colleagues (1998) suggest that vegetarian women should be aware of the links
between low BMI, low body fat/low body weight, and low bone mineral density.
With respect to actual BUA values (mean=75.23), Z-scores (mean=0.159), and Tscores (mean=-.8923) observed, the majority of subjects did not fall in the at-risk
category for osteoporosis. In fact, Table 17 shows six subjects had BUA values less than
56; seven had z-scores in the -1.0 risk; and seven had t-scores < -2.0. Additionally, the
body fat percent of the subjects (mean=28.0) may have impacted the values as well, since
only five of the subjects were measured with body fat below 20%.
Various studies demonstrate that low body fat, low BMI, and low body mass, may
be implicated in lower bone mass and osteoporosis risk (Tarquini, Navari, Perfetto,
Piluso, et al, 1997; Afghani, Abbott, Wiswell, Jaque, et al, 2004; Ribot, Trimollieres,
Pouilles, Bonneu, et al, 1988). Since the majority of subjects in this study demonstrated
normal (21-30%) to high (30+%) body fat percentages, it is possible that this may have
played a protective role with respect to osteoporosis risk.
On the other hand, Wu and colleagues (2004) found that rats which were
ovariectomized to make them estrogen-deficient as is the case after menopause, had
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increased bone mineral density, even with significantly reduced body fat, when soy
intake and exercise were high. There is no way of telling if this hypothesis would have
met with the same results if tested on this human sample of vegans, especially since they
demonstrated relatively high exercise frequency and soy product intake.
Finally, the use of the CUBA system may also have impacted the results of the
regression. While the tool has screening potential, it is not diagnostic; and its screening
potential via the heel, correlates mainly with hip fracture risk, which may not be very
accurate for predicting other important risk sites (Johansen, et al, 1999). The heel
ultrasound has also been found to be specific, but not necessarily sensitive (Azcona, et al,
2003); i.e it has more ability to identify those without the disease, than those with the
disease. It is likely that this may have also influenced the outcome of the vegan study
bone screen and its non-association with FFQ-reported nutrients of interest.
Nonetheless, almost 80% of the subjects obtained negative t-score values (-0.31 to
-2.76); which suggests potential risk of osteopenia, even if not of osteoporosis. As such,
it would be prudent for vegan women to consider the various factors that impact bone
health and take any necessary and modifiable steps to prevent osteoporosis risk and
maintain optimal health.
B.

Conclusions/Applications
Conclusions concerning these additional findings can only be given with

caution because of the obvious limitations due to the small sample size and the
implications of FFQ-related measurement error.
Needless to say, it cannot be determined with certainty whether or not the vegan
FFQ can be a dependable screening tool for osteoporosis risk, particularly with respect to
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the limitations of the regression model, and correlations between some of the nutrients
and covariates of interest. But certainly, the FFQ’s support questions pertaining to age,
menopausal status, motivation for being vegan, and iron supplements, were found to be
important factors for consideration. Follow-up research with a much larger sample size
would need to be carried out in order to reach a more meaningful conclusion about the
screening potential of the FFQ.
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TABLE 1. Demographic Data for Female Vegans in the Bone Screen Study

Age

n

(%)

Cumulative

BMI

n

(%)

%

Cumulative

Race

n

Cumulative

(%)

%

35-40

7

23.3

23.3

15-19

6

20.0

20.0

41-45

3

10.0

33.3

20-25

18

60.0

80.0

46-50

6

20.0

53.3

26-30

5

16.7

96.7

51-55

6

20.0

73.3

30-35

0

0.0

56-60

2

6.7

80.0

36-40

1

3.3

61-65

5

16.7

96.7

66-70

0

0.0

70-75

1

3.3

Total

30

100.0

%

Native
American

0

0

Caucasian

16

53.3

53.3

Black

6

20.0

73.3

Asian

6

20.0

93.3

Other

2

6.7

6.7

Total

30

100.0

0

100.0

to

100.0

Mean Age=50.06; Mean BMI=22.7

Total

30

100.0

100.0

TABLE 2. Regression Summary of Tscore and Nutrients of Interest, and With Covariates Added to the Model.

Protein Calcium

Vitamin D

Vitamin
B12

Nutrient alone

With age

With exercise
to

With supplement

With BMI

With vegan
duration

R7
B
Std Error
Sig.
R2
B
Std Error
Sig.
R2
B
Std Error
Sig.
R2
B
Std Error
Sig.
R2
B
Std Error
Sig.
R2
B
Std Error
Sig-

.059
-1.747
1.314
.195
.408
-1.251
1.070
.253
.137
-2.124
1.305
.115

.001
.117
.970
.905
.380
-.275
.785
.728
.054
-.200
.995
.842

.023

.020

-.688
1.460
.642
.066
-1.672
1.345

.335
1.042
.750
.013
.152
.983
.878
.010
.216
1.002
.831

.224

.088
-2.116
1.378
.136

.004
.174
.497
.729
.396
-.383
.416
.366
.052
9.02E-05
.516
1.000
.117
.542
.508
.296
.021
.245
.513
.636
.013
.192
.505
.707

.001
-.080
.439
.856
.418
-.484
.353
.182
.054
110
.436
.802
.091
-.046
.431
.916
.013
-.059
.446
.894
.009
-.083
.445
.853

N-3
fatty acid
.012
-.413
.718
.570
.382
261
.602
.662
.064
-.420
.712
.560
.038
-.682
.759
.378
.023
-.397
.728
.590
.015
-.335
.774
.668

Iron
.052
-1.792
1.451
.227
.413
-1.484
1.165
.214
.120
-2.069
1.436
.161
.120
-.940
1.387
.504
.054
-1.679
1.548
.288
.068
-1.952
1.483
.199

Zinc
.013
-.934
1.542
.550
.397
-1.149
1.228
.358
.061
-.785
1.536
.614
.014
854
1.497
.574
.023

863
1.567
.586
.027

-1.168
1.602
.472

TABLE 3. Regression Summary for Tscore and AGE

Model

R

R2

Adjusted R2

(constant)

AGE3

0.614

0.378

0.355

B

Std error

t

Sig.

3.483

1.082

3.218

.003

-0.087

0.021

-4.121

.000

to

U\

aPredictors: (Constant), AGE was a continuous, untransformed variable (covariate)
bDependent Variable: Tscore was untransformed

F

Sig.

16.982

.000

TABLE 4. Regression Summary for BUA and AGE

Model

R

R2

Adjusted R2

(constant)

to

0\

AGEa

0.656

0.430

0.409

B

Std error

t

Sig.

5.229

0.211

24.796

.000

-0.019

0.004

-4.594

.000

aPredictors: (Constant), AGE was a continuous, untransformed variable (covariate)
bDependent Variable: BUA was log transformed

F

Sig.

19.448

.000

TABLE 5. Regression Summary for Tscore and FFQ Question #27: Use of Iron Supplements (Age-Adjusted)

Model

IO

R

R2

Adjusted R2

0.647

0.419

0.370

B

Std error

t

Sig.

(constant)

0.531

1.528

0.347

.731

AGEa

-0.075

0.021

-3.609

.001

Iron supplements0

0.710

0.346

2.054

.051

Predictors: (Constant), aAge was a continuous, untransformed variable (covariate), cIron Supplements
bDependent Variable: Tscore was untransformed
cIron supplements represent frequency responses for four original ordered options.

F

Sig.

11.04

.000

TABLE 6. Regression Summary for BUA and FFQ Question #27: Use of Iron Supplements (Age-Adjusted)

Model

to
oo

R

R2

Adjusted R2

0.693

0.481

0.437

B

Std error

t

Sig.

(constant)

4.651

0.301

15.434

.000

AGEa

-0.017

0.004

-4.175

.000

Iron supplementsc

0.148

0.068

2.176

.040

Predictors: (Constant), aAge was a continuous, untransformed variable (covariate), cIron Supplements
bDependent Variable: BUA was log transformed
cIron supplements represent frequency responses for four original ordered options.

F

Sig.

11.04

.000

TABLE 7. Regression Summary for Tscore and FFQ Question #312: Menopausal Status

Model

R

R2

Adjusted R2

(constant)

IO

Menopausal status1

0.557

0.310

0.286

B

Std error

t

Sig.

0.680

0.495

1.374

.180

-0.813

0.229

-3.548

.001

F

Sig.

12.591

.001

aPredictors: (Constant), Menopausal Status represents responses to three original options (support question)
bDependent Variable: Tscore was untransformed

TABLE 8. Regression Summary for BUA and FFQ Question #312: Menopausal Status

Model

R

R2

Adjusted R2

(constant)

u>
o

Menopausal status3

0.579

0.336

0.312

B

Std error

t

Sig.

4.612

0.099

46.609

.000

-0.172

0.046

-3.760

.001

F

Sig.

14.139

.001

aPredictors: (Constant), Menopausal Status represents responses to three original options (support question)
bDependent Variable: BUA was log transformed

TABLE 9. Regression Summary for Tscore and FFQ Question #312: Menopausal Status (Age-Adjusted)

Model

U->

R

R2

Adjusted R2

0.617

0.381

0.335

B

Std error

t

Sig.

(constant)

3.107

1.461

2.127

.043

AGE a

-0.073

0.042

-1.758

.090

Menopausal statusc

-0.168

0.429

-0.391

.699

Predictors: (Constant), aAge was a continuous, untransformed variable (covariate), cMenopausal Status
bDependent Variable: Tscore was untransformed
cMenopausal Status represents responses to three original options (support question)

F

Sig.

8.31

.002

TABLE 10. Regression Summary for BUA and FFQ Question #312: Menopausal Status (Age-Adjusted)

Model

R

R2

Adjusted R2

0.656

0.431

0.389

B

Std error

t

Sig.

(constant)

5.185

0.285

18.185

.000

AGE3

-0.017

0.008

-2.128

.043

Menopausal status0

-0.019

0.084

-0.235

.816

OJ

to

Predictors: (Constant), aAge was a continuous, untransformed variable (covariate), cMenopausal Status
bDependent Variable: BUA was log transformed
cMenopausal Status represents responses to three original options (support question)

F

Sig.

10.223

.000

TABLE 11. Regression Summary for Tscore and FFQ Question #3: Motivation for Veganism

Model

R

R2

Adjusted R2

(constant)

Motivation for
veganisma

£

0.547

0.299

0.274

B

Std error

t

Sig.

-1.131

0.233

-4.853

.000

0.044

0.013

2.611

.002

F

Sig.

11.957

.002

aPredictors: (Constant), Motivation for Veganism (support question) represents frequency responses for 5 original options.
bDependent Variable: Tscore was untransformed

TABLE 12. Regression Summary for BUA and FFQ Question #3: Motivation for Veganism

Model

R

R2

Adjusted R2

(constant)

Motivation for
veganism3

0.44

0.196

0.167

B

Std error

t

Sig.

4.239

0.051

83.366

.000

0.007

0.003

2.611

.014

F

Sig.

6.816

.014

UJ

4-*

aPredictors: (Constant), Motivation for Veganism (support question) represents frequency responses for 5 original options.
bDependent Variable: BUA was log transformed

TABLE 13. Regression Summary for Tscore and FFQ Question #3: Motivation for Veganism (Age-Adjusted)

Model

u>

R

R2

Adjusted R2

0.744

0.554

0.521

B

Std error

t

Sig.

(constant)

2.607

0.971

2.686

.012

AGE3

-0.074

0.019

-3.927

.001

Motivation for
veganismc

0.035

0.011

3.268

.003

F

Sig.

16.768

.000

Predictors: (Constant), aAge was a continuous, untransformed variable (covariate), cMotivation for Veganism
(support question)
bDependent Variable: Tscore was untransformed
cMotivation for Veganism represents frequency responses for five original options.

TABLE 14. Regression Summary for BUA and FFQ Question #3: Motivation for Veganism (Age-Adjusted)

Model

OS

R

R2

Adjusted R2

0.722

0.522

0.486

B

Std error

t

Sig.

(constant)

5.100

0.205

24.925

.000

AGE3

-0.017

0.004

-4.291

.000

Motivation for
veganismc

0.051

0.002

2.279

.031

F

Sig.

14.731

.000

Predictors: (Constant), aAge was a continuous, untransformed variable (covariate), cMotivation for Veganism
(support question)
bDependent Variable: BUA was log transformed
cMotivation for Veganism represents frequency responses for five original options.

TABLE 15. Descriptive Statistics for Covariates and Selected Support Questions Used in the Bone Screen
Regression Model for Vegans

Exercise

5

n

(%)

Never
<3/wk
3-5/wk
>5/wk

1

3.3

3

10.0

13
13

Total

30

Vegan motive

Animal welfare
Health
Ecology
Religion
Other
Total

n

n

(%)

N-3 fatty acid
supplement

n

(%)

43.3
43.3

< lyr
1-3 yrs
4-10yrs
>10yrs

1
6
15
8

20.0
50.0
26.7

Never
Rarely
2-5/m
2+/wk

19
1
1
6

70.4
3.7
3.7
22.2

100.0

Total

30

100.0

Total

27

100.0

Protein
supplement

n

(%)

Never
Rarely
2-5/m
2+/wk

24
0

88.9

2

0.0
3.7
7.4

Total

27

100.0

(%)

1
25

Vegan
duration

3.4

3.3

_________________________
Menopausal
status
Menstruating

n

(%)

15

50.0

86.2

0
3
0

10.3

29

100.0

0.0
0.0

Menopause
Post-menopause
Total

2

13
30

6.7
43.3
100.0

1

TABLE 16. Descriptive Statistics for Micronutrient Supplements (Covariates) Used in the Bone Screen Regression
Model for Vegans
Iron supplement

UJ

oo

n

(%)

Zinc supplement

n

(%)

Calcium
supplement

n

(%)

Never
Rarely
2-5/m

25
1
0

92.6
3.7
0.0

Never
Rarely
2-5/m

22
3
1

81.5
11.1
3.7

Never
Rarely
2-5/m

9
2
4

33.3
7.4
14.8

2+/wk

1

3.7

2+/wk

1

3.7

2+/wk

12

44.4

Total

27

100.0

Total

27

100.0

Total

27

100.0

Vitamin D
supplement

n

Vitamin
supplement

n

Never
Rarely
2-5/m
2+/wk

20
2
4
1

74.1
7.4
14.8
3.7

Never
Rarely
2-5/m
2+/wk

18
4
2
3

66.7
14.8
7.4
11.1

Total

27

100.0

Total

27

100.0

(%)

(%)

TABLE 17. Contact Ultrasound Bone Analyzer Results for US Vegans

aT-score

OJ

n

(%)

bZ-score

n

(%)

*BUA

n

(%)

cFat %

n

(%)

-3.1 to-2.0

7

10.0

-2.1 to-1.0

7

23.3

40-49

3

23.3

14-20

5

16.7

-2.1 to-1.0

7

10.0

-1.1 to-0.0

6

20.0

50-59

3

23.3

21-25

10

33.3

-1.1 to-0.0

9

26.7

-0.1 to 0.0

4

13.3

60-69

8

30.0

26-30

2

6.7

-0.1 to-0.0

0

20.0

0.1 to 1.0

7

23.3

70-79

6

0.0

31-35

9

30.0

0.1 to 1.0

5

10.0

1.1 to 2.0

3

10.0

80-89

3

16.7

36-40

0

0.0

1.1 to 2.0

0

13.3

2.1 to 3.0

2

6.7

90-99

4

0.0

41-45

3

10.0

2.1 to 3.0

2

10.0

3.1 to 4.0

1

3.3

>100

3

6.7

46-50

1

3.3

30

100.0

30

100.0

30

100.0

30

100.0

_____________________________________________________

aT-score is the number of standard deviations the BUA is away from the population mean at peak bone mass (age 20).
Mean T-score = -0.923
bZ-score is the number of standard deviations the BUA is away from the population mean for a healthy age-matched group.
Mean Z-score = 0.159
*BUA means Broadband Ultrasound Attenuation and is measured in units of db/MHz.
Mean BUA = 75.23
cFat % represents percent body fat as measured by TANITA scale.
Mean Fat % = 28.06

CHAPTER 7
CONCLUSIONS

A.

Summary and Implications of Findings
1.

Validation of the Vegan FFQ
The de-novo-developed FFQ for U.S. vegans was found to produce

fairly comparable assessment with the 24-hour diet recall, for intakes of protein, vitamin
B12, vitamin D, n-3 fatty acids, iron, and zinc. We therefore submit that the newly
developed instrument can be used as a valid nutrition assessment tool for at least six
important nutrients that are of concern in US vegan diets.
Dietary assessment of the United States vegan population via a food frequency
questionnaire-screening tool can prove to be very cost effective when compared to other
nutrition assessment methods such as weighted diet records, biochemical tests, and diet
histories. This is particularly true logistically and financially, when attempts are made at
assessing dietary intake of vegans across the United States. Thus, future attempts at
assessing the diet of vegans, particularly if usual intake is the factor of interest, can
benefit from the use of this validated tool or a modified version of the same.
2.

Screening Potential of the Vegan FFQ: Nutritional Adequacy
It was found that in this sample of US vegans, both the vegan FFQ

and multiple diet recalls, demonstrated food intakes of protein, iron, n-3 fatty acids, and
zinc, that were sufficient or adequate compared to the standard US DRIs. As such, it can
be an effective screening tool for assessing and ensuring nutritional adequacy among the
target population.
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Additionally, knowledge of the nutrients that were found to be inadequate or
marginal (calcium, vitamin D, vitamin B12) based on reported food intake, can sensitize
the vegan community to make more careful food choices. Furthermore, given the various
fortified products available on the market, vegan consumers do not need to be at a
disadvantage where adequate nutrition is concerned. It was observed that the foods
which contributed the most (approximately 20%) to intakes of calcium, vitamin D, and
vitamin B12 on the initial FFQ food list, were used as follows: Original Silk Soy milk
(n=24.87%); Tofu (n=58-89% depending on type); vegan cheese (n=49%); All Bran
Cereal (n=4.4%); collard greens (n=41%); kale (n=46%).
Furthermore, the use of supplements by some of the vegans may have
compensated for some of the food-derived nutrient inadequacies observed. This study
however, was not designed to identify which subjects had inadequate nutrient intakes
from food, and which subjects used relevant supplements. It was observed however, that
18%, 33%, and 34% of the subjects used FFQ-reported vitamin D supplements, vitamin
B12 supplements, and calcium supplements, respectively.
3.

Screening Potential of the Vegan FFQ: Osteoporosis Risk
Findings concerning the potential of the FFQ to screen for

osteoporosis were not conclusive due to the small sample size obtained for that phase of
the study, along with related limitations of the regression model and the inability to
address the issue of FFQ-related measurement error. It was observed however, that the
FFQ’s support questions pertaining to age, iron supplements, menopausal status, and
main motivation for being vegan, were important tscore and BUA predictors or
confounders to consider.
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As the data was further examined, it was observed that 3.3% of the bone screen
subjects practiced a vegan lifestyle for less than 1 year, 20% for 1-3 years, 50% for 4-10
years, and 26.7% for greater than 10 years. This observation might explain in part, the
non-relationship observed with most of the nutrients of interest since the majority of the
subjects adopted the vegan lifestyle fairly recently.
The age range of the subjects was from 35 to 71 (mean=50). Osteoporosis is not
an overnight development; Peak bone mass usually occurs around age 20, and the onset
of bone loss begins around the age of 35. In its own small but important way, diet
impacts these processes. It is therefore very likely that the length of time some of the
subjects practiced the vegan lifestyle, was just too short to impact the temporal or time
factor in the etiology of the disease.
It is also very likely that about 33% of the subjects (ages 35-45), still maintained
the greater part of their peak bone mass; especially since most of these younger women,
would not have experienced menopause as yet. The positive hormonal implications of
this could have prevented observation of any risk trends.
With respect to BMI, there was not much variation observed. Only one of the
subjects was categorized as obese (BMI=36.65); most others were within the desirable
(19 to 25) BMI range, and only three subjects had BMI values below 19. Therefore lack
of observed diet-disease associations could also be explained by this lack of BMI
variation between subjects.
Also, since exercise positively impacts the health of bone, the exercise patterns
reported by the subjects may also have explained the lack of risk observed.
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Approximately 96% of the subjects reported regular exercise of two or more times per
week.
Supplement use may also have impacted the outcome of the regression results.
Fifty nine percent of the bone screen subjects reported regular use for calcium
supplements; 18.5% reported for vitamin D supplements; 18.5% reported for vitamin Bn
supplements; 7.4% reported for zinc supplements; and 3.7% reported for iron
supplements.
Finally, with respect to actual BUA, Z-score, and T-score values observed (mean
=75.23, 0.159, and -0.8923, respectively), the majority of subjects did not fall in the atrisk category for osteoporosis. Six subjects had BUA values less than 56; seven had zscores in the -1.0 risk range, and seven subjects had t-scores less than or equal to -2.0.
Additionally, the body fat percent of the subjects (mean=28.0) may have impacted the
values as well, since only five of the subjects were measured with body fat below 20%.
Nonetheless, peri-menopausal and post-menopausal vegan women can benefit
from knowing that there might be other specific nutrients and factors apart from the
commonly known (calcium, vitamin, D, and protein) which can potentially impact bone
health. Such consideration can enhance choices and preparation of foods that may, to
some degree, counteract the high risk and development of osteoporosis during the mid
and later adult years. Such knowledge can also serve to help younger female generations
to make more conscious and determined endeavors where diet is concerned, in order to
prevent osteoporosis risk by optimizing peak bone mass in the developing years.
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B.

Limitations
Various limitations have been considered with respect to the design and

implementation of a study of this nature. First, the sampling and recruiting of this unique
target population across the United States had to be done via networking. This allowed
for a convenience sample, therefore some measure of sampling bias due to volunteering,
was anticipated. However, we did endeavor to recruit vegan subjects from different
walks of life, different locations, and who might be practicing the lifestyle for other than
health reasons. For instance, apart from the Vegetarian Resource Group, networking was
done with animal rights organizations (PCRM), churches, college/university campuses,
and environmental-related organizations (EarthSave). Such differences were confirmed
in the responses given for the support question on reason or motivation for vegan
lifestyle. Geographic limitations also confined interviews and communication to
telephone, electronic mail, and post-mail contact. Thus, eligible persons without email
and telephone contact may have been omitted.
Cost was another limitation. Therefore a cost-effective reference method had to
be employed. This meant foregoing use of more accurate and direct assessments such as
biochemical assessments and weighed diet records, and relying on the next best, and
more cost-effective reference method - the diet recall. There is always the possibility of
error when dealing with assessment instruments that rely on memory. Both the diet recall
and the FFQ fall into this category. Also, various method-related biases including,
instrument, interview, and response bias, may have occurred. Furthermore, with FFQs,
there is also the possibility of over reporting. This study sought to address some of these
limitations by (1) including adult participants within ages of recall-reliability, (2) doing a
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pilot test of the developed FFQ, (3) validating the FFQ, (4) Using energy-adjusted and
log-transformed variables, (5) Using one trained interviewer who used consistent
selections of questions and prompts, and (6) maintaining a fairly large sample size for the
first phases of the study.
Another major limitation is that the diet recall, though a superior reference
method, is not really a “gold standard” for validation. But this study relied on a weighted
average of three diet recalls obtained at different seasons of the year, in an effort to
capture usual diet intake for at least nine months. Time and logistic constraints prevented
use of increased measures. However, the potential of attenuation with only three repeat
measures, was somewhat counterbalanced by obtaining a fairly large enough sample size
for the validation phase.
Constraints in various resources, as well as exclusion/inclusion criteria, did not
allow for use of a much larger sample size that could have increased statistical power.
Inadequate subjects for the bone-screening phase, was also a result of geographical
limitations since the screens could only have been performed at specific locations in
southern California. Effort was however made to accommodate bone screening during
two national conferences at which some prospective and eligible subjects from other
states were likely to attend.
Use of the Contact Ultrasound Bone Analyzer for the bone screens, also had
limitations since this equipment is not a diagnostic tool and thus can only be used for
screening purposes. Furthermore, its screening potential via the heel, correlates mainly
with hip fracture risk, and therefore may not be accurate for predicting other important
risk sites. The heel ultrasound has also been found to be specific, but not necessarily
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sensitive. That is, it has more ability to identify those without the disease, than those
with the disease. Nonetheless, because of its high correlation with hip fracture risk, as
well as its relatively low cost, its portability, the use of ultrasound instead of x-rays, and
the brief time required per screen, it was the next best option instead of the more
accurate, but expensive and involved bone analyzing procedures like the dual energy xray
absorptiometry.
The study was also limited in not allowing for a longer, more confirming period
of assessment of usual intake and of diet-disease relationships. Hence the reliance on
support questions to obtain additional information related to vegan and other lifestyle
characteristics, including health factors.
Use of the EAR cut-point probability approach is not very useful for nutrients like
iron, due to its typically skewed requirement distribution; and for calcium, vitamin D, and
n-3 fatty acids, since they do not have EAR values. But an effort was made to give
quantitative assessment for as many of the nutrients as possible, and qualitative
assessment for all nutrients. Additionally, in assessment of the nutrient adequacy of
vegans, biochemical analyses would undoubtedly have added more weight than the DRI
standards, since adequate intake does not account for bioavailability and absorption
issues. But obtaining biochemical tests for 7 different nutrients for 100 subjects across
different states would have been challenging and expensive.
Although not necessary for the validation phase of the study, we also bore in mind
that the FFQ was also intended to be used for assessing diet-osteoporosis risk association.
Thus, the issue of correction for measurement error was considered for both the
correlation and regression analyses. However, the typical correlation coefficient
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correction model: [rtrue = robserved ^ + /?/«] and the regression correction model:
[btme^bobserved (1 + /?/«)] usually apply to variables that have not been energy-adjusted or
log-transformed. Furthermore, correction for disproportionate systematic within-person
error, as would be expected from FFQ instruments, has not yet been formally addressed
in published literature. Therefore, straightforward statistical manipulations such as
energy adjustment using residuals, and log-transformed variables, were relied upon to
address some degree of measurement error.
C.

Future Research and Projections
Findings from this study can serve as a basis for future research

endeavors, especially in longitudinal study designs and clinical trials. This study
therefore paves the way for expanded research in this targeted sub-population. Follow-up
studies on subjects who are practicing a vegan lifestyle for many years can bring to the
research community a wealth of information that may not be possible to obtain from
short-term studies. Data results from this study can also be used as the premise for future
research designs that can focus on use of various biochemical markers, and ultimately
establish causality in specific vegan diet-disease relationships.
Additionally, this study and the contents of the assessment tool served to identify
some of the plant-based foods that provide the various targeted nutrients. Results from
the study can therefore be used to develop and disseminate appropriate nutrition
education modules for living healthful vegan lifestyles. Appropriate nutrition education
promotes the importance of planning optimal vegetarian diets, identifying components of
healthy vegetarian patterns, and establishing appropriate vegetarian food group servings,
not only from the standpoint of nutritional adequacy, but also of disease prevention.
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Thus, this study outcome can form the basis for developing and designing informative
and useful tools and materials such as: vegan food pyramids, exchange lists for vegans,
educational posters, food composition charts, vegan manuals, interactive online-nutrition
assessment tools, vegan recipe books, and insightful literature appropriate to both the lay
and scientific community.
In view of the above-mentioned findings, limitations, and projections, the authors
of this study look forward to continued and improved research designs and findings in the
area of vegetarian nutrition as it relates to assessment of selected nutrient inadequacies
and specific chronic disease risk.
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Table 1. Foods Contributing 80% of the Vitamin Bn for Fifty Vegans
Food item

Silk soymilk

a\

All bran cereal
Lunar bar
Plain soymilk -fortified
Oat bran flakes
Soy dream milk
Grape nuts cereal
Veggie shreds-cheddar
Veggie shreds-p’mesan
Chik’n nuggets
Better than milk-dry
Com flakes
Rice beverage-fortified
Cheerios cereal
Egg scramblers
Sloppy Joe mixture
Raisin bran cereal
Turkee slices
Veggie slices-American
Tofu links
Vege-franks
Value for 330 food items

# of vegans
reporting
regular use
of food

17
6
8
9
9
10
6
6
6
5
11
8
8
7
6
6
7
7
11
8
5

Average
portion size
reported (g)

270
62
48
306
18
193
116
57
57
68
83
28
245
31
51
150
59
94
30
34
70

Grams of
vitamin Bi2
per lOOg
food item

2.16
20.00
12.50
1.22
20.10
1.51
2.59
5.26
5.26
4.96
1.63
5.40
0.61
5.00
3.54
1.19
2.54
1.59
3.00
3.52
2.57

Grams of
vitamin B12
contributed by
food items

99.14
74.40
48.00
33.60
32.56
29.14
18.03
18.00
18.00
16.86
14.88
12.10
11.96
10.90
10.83
10.71
10.49
10.46
9.90
9.57
9.00
628.72

% vitamin B12
contributed by
food items

15.8
11.8
7.6
5.3
5.2
4.6
2.9
2.9
2.9
2.9
2.4
1.9
1.9
1.7
1.7
1.7
1.7
1.7
1.6
1.5
1.4

Cumulative %
vitamin Bi2
contribution
for food items

15.8
27.6
35.2
40.6
45.8
50.4
53.3
56.1
58.9
61.7
64.0
65.9
67.9
69.6
71.3
73.0
74.7
76.3
77.9
79.4
80.9

Vege-Franks
Tofu Links-i
Veggie slicesAmerican 1
Turkee Slices
Raisin Bran Cereal-;
Sloppy Joe Mixture-^

1

|

Egg Scramblers

Silk Soymilk

Cheerios Cereal-^
Rice Beveragefortified

mM
'

Corn Flakes—
Better Than Milk-dry
Chik’n Nuggets

All Bran Cereal

Veggie Shreds-_
p’mesan
Veggie Shredscheddar
Grape Nuts Cereal

Lunar Bar

Soy Dream Milk
Oat Bran Flakes

Plain Soymilk -fortified

Figure 1. Foods contributing 80% of the vitamin Bn intake for 50 vegans
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Please Enter Today’s Date:

/

Survey Number

Aft:

Vegetarian diets have become a very important lifestyle option in different parts of the world. This research
instrument has been designed to assess the U.S. vegan/total vegetarian diet for specific nutritional parameters,
and to screen for particular chronic disease risks. In order to obtain accurate analyses and benefit from the use
of the questionnaire, ACCURATE AND TRUTHFUL RESPONSES ARE NECESSARY!
The questionnaire is divided into three sections, each with specific instructions. Please feel free to pause
or take a break after each section to prevent your responses from reflecting boredom or fatigue!
However, it is not as LONG as it seems. We are confident that you will make it to the end successfully
and within reasonable time!

SECTION ONE
Vegetarian Lifestyle & Food Practices
Please respond to each of the following questions regarding your vegetarian lifestyle
and food practices by checking [/] ONE option, unless otherwise stated.

Which of the following BEST describes YOUR vegetarian background?
Never

Less than 1 year

4 to 10 years

1 to 3 years

More than 10 years

1.

I have been a
Vegan/total vegetarian

.[

]

2[

]

3[

]

4[

]

s[

]

2.

I have been a Lacto/
Lacto-ovo vegetarian

.[

]

2[

]

3[

]

4[

]

5[

]

3. Which one of the following beliefs/values represent the MAIN motivation for your being vegan?
Animal Welfare Health beliefs
Environmental values
Religious beliefs
Family/Other values
[

]

2[

]

3[

4[

]

]

s[

]

4.

Which of the following BEST describes how you use your food?
i[ ] Use only raw foods
] Use mostly raw foods
a[ ] Use more cooked than raw foods

5.

Which of the following BEST describes the types of meals you most frequently eat?
3[ ] Eat out (restaurant/cafeteria)
! [ ] Eat home-cooked meals
4[ ] Eat convenience/frozen dinners
2[ ] Eat out (fast food outlet)

6.

Which of the following cooking methods is most frequently used to cook the foods you eat?
,[ ] Boiling/Steaming 2[ ] Deep-fat frying 3[ ] Stir-frying 4[ ] Baking/microwave/grilling

7.

Which of the following BEST describes your use of salt/sodium?
,[ ] Choose to cook with salt to taste 3[ ] Use a doctor-prescribed low-sodium diet
4[ ] Choose to cook with salt to taste & use a salt shaker at the table
2[ ] Choose to cook without salt
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8.

Concerning fat content in food products, which of the following is your MOST FREQUENT choice?
i[ ] Non-fat products
3[ ] Reduced fat products
2[ ] Low fat products
4[ ] High fat products

Which of the following BEST describes YOUR current eating pattern?
Never

Rarely

(At no time)

(less than once per month)

(1 to 4 times/month)

(2 or more times/week)

i[

]

2[

]

3[

]

4[

]

[

]

2[

]

3[

]

4[

]

11. I use eggs

it

]

2[

]

3[

]

4[

]

12. I use fish

[

]

2[

]

3[

]

4[

]

13. I use poultry

[

]

2[

]

3[

]

4[

]

.[

]

2[

]

3[

]

4[

]

9.

I use cow’s milk

10. I use cheese

14. I use red meat

' Sometimes

Often

15. Briefly state why you think you will or will not remain a practicing vegan.

Which of the following BEST describes YOUR current use of food/miscellaneous accompaniments?
Never/Rarely

Sometimes

Often

(0 to 2 times/month)

(3 to 5 times/month)

(2 or more times/week)

16.

I use Spreads/Margarines on bread

.[

]

2[

]

3[

]

17.

I use Bragg’s Amino

.[

]

2[

]

3[

]

18.

I use Soy Sauce (Lite/Regular)

.[

]

2[

]

3[

]

19.

I use Sauces/Gravies/Dips

.[

]

2[

]

3[

]

20.

I use Salad Dressings

[

]

2[

]

3[

]

21.

How many regular MEALS do you eat per day?
,[ ] One
3[
2[ ] Two

22.

] Three

How many SNACK meals do you have per day?
i[ ] None
2[ ] One
3[ ] Two
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4[

] Four or more

4[

] Three or more

For the following NUTRIENT supplements, please fill in the dose and the brand name for those you usually use;
then check / ONE column option for how often you use the supplement. For those you do not use, check Never.
-■

Nutrient Supplement

*

23.
24.
25.
26.
27.

3

i

2

Dose

Brand Name

4
Never

.

■

Rarelv

5

Sometimes

Often

Calcium
Vitamin D
Vitamin B12
Zinc
ton
Multivitamin/mineral
supplements
Omega-3 Fatty Acids
Amino Acids (Please
Specify)
Others (specify below):
a)

28.
29.
30.
31.

b)
c)
32.

“I do NOT use any nutrient supplements”
.

.

.i

. - .

] True

c:-

v: -

2

■ ^ •

] False

1

^

For the following FOOD/HERBAL supplements, please fill in the dose and the brand name for those you usually
use; then check / ONE column option for how often you use the supplement. For those you do not use, check
Never.
r.-i:.

Food/Herbal Supplement

i

Dose

> WNN

[7

Brand Name

V|I

'n

33.
34.
35.
36.
37.
38.

““V

Never
no

“IV

Rarelv

Sometimes

to 12 ,

Nutritional Yeast
(Red Star®)
Wheat Germ
Soy/Vegetable
Protein Powder
Spirulina
Chlorella
Others (specify below):
a)
b)
c)

39.

“1 do NOT use any food/herbal supplements”

if 1 True
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2\ ] False

I.

Often

SECTION TWO
Food Consumption Patterns
The following questions pertain to your food serving (portion)1 size and frequency of use for various food
categories. TWO answers are required for each question: One answer pertaining to How MUCH
(portion/serving) and one answer pertaining to How OFTEN (frequency). To indicate your consumption
pattern for each listed food item, please check ONE option for the serving section using the Serving Size
options provided as a guide (e.g 1 cup, Vi Tb, 2 slices, etc.). Then check ONE option for the frequency
section. ANSWERS SHOULD REFLECT YOUR CONSUMPTION PATTERN OVER THE PAST 9
MONTHS.
Please note the following abbreviations used:
d
wk
m
hr

means day
means week
means month
means hour
means less than
means more than
means less than or equal to
means more than or equal to
means times per week

<
>
<
>

times/wk

means
means
means
means
means
means
means
means
means

Tb
tsp
w/
med.
lbs
ft
in

3+
3 oz/pk

tablespoon
teaspoon
with
medium
pounds
feet
inch/es
3 or more
3-ounces or 3-ounce pack

mat
EXAMPLE
If you usually use approximately lA cup of rice milk twice every day; 2 slices of oat bread every other day,
and 1 cup of strawberries less than once per month, the following options would be chosen and checked [</].
How OFTEN do you use jneals/snacks containing this food item?

Never or
Rarely

>2 cups

.... mi
SSIl Breads

/
<1 slice

2 slices

wm Oat bread
Fruits

2 to 4
times/m

2 to 3
times/wk

4 to 6
times/wk

Once
per /d

2 to 3+
times/d

>4 slices

/
<14 cup

'A cup

>1 cup

BBS scrawtary ' ■; : ™ ^ -y;: :s

✓

-x: '■

:yy

If you also use 1 banana everyday, 2 figs twice per week; V* cup of dried peach twice per month; and 14 cup
of canned pear once per month (BUT THESE FRUITS WERE NOT LISTED IN THE QUESTIONNAIRE),
then write in the fruits and check [/] the appropriate options as illustrated below:
11 Others you use:

Vi item
or
14 cup

1 item
or
lA cup

■Banma

2 items
or
1 cup

/

Never or
Rarely

2 to 4
times/m

4 to 6
times/wk

Once
per /d

H

2 to 3+
times/d

✓

K&Zi

/

i Figs
’^DnedPeach

2 to 3
times/wk

S

;

.

'

'

I

✓

Canned Pear
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mg

PEAS & BEANS
40.

[ ] {Go to the NEXT PAGE)

I do NOT use this food category

i'

I have USED this food category for:

H

][ ]<lYear

] 1-5 Yrs

3[ ] 6-10 Yrs

4[

]>10Yrs

How OFTEN do >ou use nicalfe/snacks {Containing'this iootljtem/

j]

r fl

2[

sSai
Never or
Rarely

Peas & Beans
< 'A cup

% cup

> 1 cup

2 to 4
times/m

2 to 3
times/wk

4 to 6
times/wk

Once
per /d

2 to 3+
times/d

m
kb mm iswsr n hh must mm jams mm
L2
me mmmmm
mass ssui a
:
M!£iW Pinto beans
sm isiHisiffli
sssi ms m t«w 'mmat ssum mmm mmm »a* *
Black beans

Miil

fffflll Mature soybean

FEED
Garbanzo beans
IIBMl Lima beans

mUi Adzuki beans
Mung beans

vm mm:'- ’

1 .

l^Mi!

Pigeon peas
;!v^r Others you use:

rS

: ' V:«

■m

m

n
Bean Products

< 'A cup

3A cup

Never or
Rarely

> 1 cup

2 to 4
times/m

2 to 3
times/wk

ms
4 to 6
times/wk

Refried beans
iMll Others you use:

ss

i

Code number

WOW...YOU ARE WELL ON YOUR WAY .... GREAT!
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Once
per /d

2 to 3+
times/d

j

Never or
Rarely

> 'A cup

m

How OFTE(N do you aise nteals/snacks containing this food item?

ii

bsi

2 to 4
times/m

i

2 to 3

times/wk

]

Cashew nuts

4 to 6
times/wk

mmmm

Once
per /d

2 to 3+

times/d

wm

M Peanuts
Sill Soy nuts

wmwmmsmm
Sflli Brazil nuts

i

in

m

■■

1

Others you use:

i^HH' Pumpkin seed i
BUB Sunflower seed
Flax seed/meal

MMSS

m

..... 1-

~~_2 aiiMiawKHais

ii

1 a iiiai h^i BB«i «»s
Almond butter
jafcjil Soy nut butter

mummmmmw '2^:

2^ Others you use:

^otlc"jnuriihetiit'a

hk

PPii
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a

*
: lleliiS:

VEGETARIAN "MEATS," EGG/CHEESE SUBSTITUTES, & MIXED FOODS
83.

I do NOT use this food category

[ ] (Go to the NEX^AGE)

I have USED this food category for:

,[ ]<lYear

2[ ] l-5Yrs

3[

] 6-10Yrs

4[

]>10Yrs

How OFTEN do you use nicals/snacks containing this food item?
< Vi cup

Vege-Meats

'/i cup

> 1 cup

I

Never or
Rarely

I
IBa TVP (from dry)
1111 Sloppy Joe '
ISM Tofu- silken/soft

2 to 3
times/wk

4 to 6
times/wk

Once
per /d

2 to 3+
times/d

wmmmwmmmmMwmsmMmm

i
i
i

pppll Yege-Scallops

2 to 4
times/m

E

Ki-Tpfu-finn

1
< 'A item

1 item

> 2 items

ii
Boca Burger

ffii

a

MH 7-Grain Cutlet

;
Vege-Franks
tofu Links
SfH Tofurky
BK’J Otliers j ou usi

iiisa

ST
.

,

:

ItspcKg.

2 tsp epg

4 tsp egg

i :^.,g
Ka.eU

tilIU,s/rn

timesAvk

.s

timesAvk

. per/d

mmm

times/d

If

ItOOll Vegan Cheese

aw Eg.Replace-V
Mixed Foods

■

e- g;:
2-in slice

4-in slice

6-in slice

SS

1

SflB Vegan Pizza
fJ’OSfol Vegan Lasagna

H

:i04,; Others you use:

1

1

~

1

C ode number
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: •

FATS/OILS & SALAD DRESSINGS
r'.-k.-Z7! i
m
105. I do NOT use this food category

[ ] {Go to the NEXT PAGE)

I have USED this food category for:

][ ]<lYear

2[ ] l-5Yrs

3[ ] 6-lOYrs

4[ ]>lOYrs

How OFTEN do you use meals/snacks containing this food item?

M

Never or
Rarely

>1 Tb

Fats/Oils

il^i

2 to 4
times/m

2 to 3
times/wk

4 to 6
times/wk

ss

WMM Soybean oil

I

I ■

a mmm ssaiB gaii gfaBgi angs »gi«Bis bm

Other Spreads &
Margarines: e.g.
iiffiwfca Kroger, Benecol, etc
hAIH

§

Hummus

aa.6

2 to 3+
times/d

........... im

Other
Vegetable oils

rm>p.)Ai

Once
per /d

i
Nasoya™
Products used:

Italian Dressing

EjHJ

181

120.

I do NOT use this food category

[

I have USED this food category for:

,[ ]<lYear

] {Go to the NEXT PAGE)
2[ ] l-5Yrs

3[ ]6-10Yrs

4[

]>10Yrs

HM

How OFTEN do. you.usehieals/snacks containing this food item?
< 1 slice

2 slices

Never or
Rarely

>4 slices

Bread Loaves

2 to 4
times/m

2 to 3
times/wk

i
fftimnn wnmiiMiMaimiii waatm&mm

iiillfl

»is fflmrn

2 to 3+
times/d

isi«a msm mm mmm

a

SUfl Sourdough

Once
per /d

I

SS White bread
Rye bread
gill Grouted; g»a I

4 to 6
times/wk

i ssssaass
H Others you

I
'A small
item

Other Breads

1 small
item

>2 small
items

M

1

Never or
Rarely

i

2 to 4
times/m

2 to 3
times/wk

4 to 6
times/wk

Once
per /d

I

SSI

m

2 to 34times/d

I

I

KH Pita-Plain
mii,Tortilla-corn/
Tortilla- flour
SEE Bagel- ivlieat
Bagel-plain

MJ
.a-;v::

:

I
BIS Waffles - bran
lMi:.Mufnn:-bran/oat
Ml English Muffin

^

1

ISt..: : a / .a/, ^ V::, :/-a, ; /a /

Si

"

;

e

S .ills iSM Biilii l«ia lliii

'

:a//:^aa/::;-/;-/\:/T//.:/..: ■

a

grp Roia,,vheat

.

«

,:: . a : i;- .; .-a:

IS

:a-::a//i;:/;lgi»"

I8* wm Bills IS!

111511 Rolls- plain

i -

MUMPS I i
llliil Others you use:

< 1 slice,
'A item

2 slices,
1 item

Never or
Rarely

>4 slices
2 items

Bi wgtiMwrimit
2 to 4
2 to 3
times/wk
times/m

4 to 6
times/wk

Once
per /d

2 to 34times/d

la

1

/■

m .

i

m

Code number
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COOKED CEREALS & GRAINS

143.

I do NOT use this food category

[

I have USED this food category for:

i[ ]<lYear

] {Go to the NEXT PAGE)
2[ ] i-5Yrs

3[ ] 6-lOYrs

4t

]>lOYrs

mm
s co Htaining^tliis'i'ootlitdni?^
Cooked Grains

IMHUUmi

Never or
Rarely

< Vi cup

mm

;

SflsTS Rice - white

2 to 4
times/m

2 to 3
times/wk

4 to 6
times/wk

Once
per /d

2 to 3+
times/d

5“*

5

m

Quinoa

ivr-s^ssassiara# am

Muesli
: Oat Bran-raw
Oatmeal - cooked
IWCornmeal

sssS fell
M Bulgur
Kl Millet

L ...—J KSil a

am

11^1 SBSii

WSm
s r - - • ■ - • mam.
s

M

i

r,j . wm

Others you use:

Godeihumber'fy
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READY-TO-EAT CEREALS

■
159.

I do NOT use this food category

[

] {Go to the NEXT PAGE)

I have USED this food category for:

][

] < 1 Year

2[

% 1-5 Yrs

3[

] 6-10 Yrs

4[

] > 10 Yrs

How OFTEN do you use meals,Quacks containing this fond item?
Never or
Rarely

2 to 4
times/m

2 to 3
times/wk

4 to 6
times/wk

Once
per/d

2 to 3+
times/d

ms
Rice Krispies®
Oat bran Hakes

.

S

M Special K®

■■ wmMmm wmmmmwam I
MMdhTiran
Grape Nuts® -List kinds used:

Hutu H

i:

Hill Weetabix®

.WHHHi

iiSSiiffliS

I Chcenos® cereals
m you use:

Never or
Rarely

< 'A cup

2 to 4
times/m

2 to 3
times/wk

4 to 6
times/wk

MM8a§i»»iaaM
MM.

Total® CerealList kinds used:

V" V ;1

pi i
SSarii

ii:ea

sv

^ mm
m
I Code ..umber

■I1SBSBSB

1
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Mow OFTEN do you use ineals/snacks eontainiiiR this food item?
Never or

Rarely

2 to 4

times/m

2 to 3
times/wk

4 to 6

times/wk

Once
per /d

2 to 3+

times/d

m
M

Collard Greens

KH Spinach-raw
Hi spinach-cooked
Swiss Chard

BMa ^aa
s

B

IB*

:

wm wfflfKavS;
Romaine Lettuce

Iceberg Lettuce

Sbb»so
Cabbage - red
ffijH Mustard Greens

YOU HAVE PASSED THE HALF WAY MARK ALREADY...
KEEP UP THE GREAT WORK!
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I

189.

I do NOT use this food category

[

] (Go to the NEXT PAGE)

I have USED this food category for:

,[

] < 1 Year

!4 cup,
Vi med.
item

Non-Leafv
Vegetables

Vi cup,
1 med.
item

> 1 cup,
> 2 med.
items

2[

Never or
Rareiy

] 1-5 Yrs

2 to 4
times/m

3[

] 6-10 Yrs

2 to 3
times/wk

4[

4 to 6
times/wk

]>10Yrs

Once
per /d

2 to 3+
times/d

IMIil Broccoli-cooked
«::cauiiflovvcr,raw;
Cauliflower- cooked

,

;j):V;v,''^: 1"I-■ :;v

S,;

in

s

131111 Green Peas
Si^ucchini,

.

1

m

Summer squash

i.

□

Artichoke
lM:Aspafagus

.

'

'

1

EBS Mushrooms
*;:Carrots3 cooked

■

-

'

i

Carrots- raw

M'Beet,a;;.

; ,1

Sweet Corn

1

IPffi Sweet Potato

1

Cassava Afucca

ESSOkra

s

:J\,

Tomato -raw

li

Tomato sauces,
paste, & salsa

S

BBi Olives-black:
Olives - green

i

1
ESMSHMISI

:

H

Carrot Juice
HBB Tomato/V-8 Juice
Other veggies:

MM

C.

a

mwmmmmmsmmI
: Code number

„^k X ^ M

mmmm

MM
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saas m m

H

m
i

FRUITS & FRUIT JUICES

219.

I do NOT use this food category

[

] (Go to the NEXT P4.GE)

I have USED this food category for:

,[

] < 1 Year

Non Ml CH of this item do I
you use per Meal/Snack?
■
'A cup,
1 med.
item

V* cup,

Fresh/Frozen

mW Fruit

‘/a med.

item

> 1 cup,
> 2 med.
items

II
Sj

2[

] 1-5 Yrs

] 6-10 Yrs

4[

]>10Yrs

H<m OFTEN do you iiseiucals/snacks eoiUaining this food item?
. .
______
Never or
Rarely

\

RM! Cantaloupe
Mm, Watermelon

3[

|

2 to 4
times/m

2 to 3
times/wk

4 to 6
times/wk

' I

Once
per id

2 to 3+
times/d

WBm

1

EZ3

Banana

IS Apple
■■ Grapes
HH:Cherries;.. ,

i

wsm

Si (Pearvo r i:.; ^:

a

,

.

1

E

m

m imi

Blueberries
[lYo;: StravUiei ries

WM Fiss
mmam
item

.

SiC;
v

Raisins

SI IfSMllliBI IS";,.. WBM 8H1IS H
KW Apricot - dried
m
IS IMiSliill
iiiS Mail ^

imill SSI ■■■l mm
Siai «ii» 8®

Bflllll Peaches-canned

Mlvpi.k-.iu,

-

u"

■

Other fruits used:

Fruit Juices

< 7i CUp

si3iiiisi^»sSSi!sai:HiBai«3iE» ®a

Orange Juice (calcium fortified)
IIS Apple Juice
Grape Juice
WSM 'Others you use: -

imi

is n

i«Mi iaiii i^ii

S

| Code number.
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i^ia M

MILK SUBSTITUTES
g£S

244.

I do NOT use this food category

[

] {Go to the NEXT PAGE)

I have USED this food category for:

i[

] < 1 Year

2[

] 1-5 Yrs

i'

3[

] 6-10 Yrs

4[

] > 10 Yrs

1 How OFTEN do you use meals/s))dcks containing thi$ food, item? ,
Never or
Rarely

Milk Substitutes
1 cup

< Vz cup
'45.;

> 2 cups

2 to 4
tiraes/m

2 to 3
times/wk

4 to 6
times/wk

Once
per /d

2 to 3+
times/d

■

« '

1

■

g List Eden Soy®
^ milk you use:

p||||!List Silk®;Soy

I

m

ilifiMB

H List Soy Dream®
BS milk you use:

i

PPT ;
’
■■ir
■ v
Better Than Milk®
;S(g Rkennlk

.

<2lb.
<cup

4Tb.o.
>81b, B
]CU|) , >2;cupS; te
•l

V»r»,
,!>«*.

MS »MS i

2,„4
2,.3
. tin,cs/m : (l.bbs/wt

4,«6
time./vvk: 1

Ob.x
per/d

2„3+
timcs/d

i»B» BWfB HHUi 1WS Sf*

List Vitasoy®
milk you use:

ilfiii h®®
Almond m,Ik
Home-made
pail Soy milk
...0 Casliew milk
I25H Others you use:

H»

H iiifcii

Kifcgi 8111# iliifs

SS

B

1

1

■
mm

^Codehumber^l
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M

OTHER BEVERAGES
IF you do NOT use this food category, please check here f 1 and go to the QUESTION 267

How MliCH of this item do

m

| Other Beverages

How OFTEN do you use meals/snacks containiiilg|liis fopd jtein?§.-

you use per Meal/Snack? ' - "
1 cup
>l‘/jcup
< 'A cup

Never or
Rarely

2 to 4
times/m

2 to 3
times/wk

4 to 6
times/wk

Once
per /d

2 to 3+
times/d

m

OS

Coffee -(decaf/regular)

Fruit flavor drink

mm

<6oz

8 oz

>12oz 1

< 1 OZ

3 oz

> 6 oz

mimBmmmMmmmmMS

__________

■
S

gaf.Bcer.

ft-SS
53

Wine - red

m gmswimH maa (sb« aaB ^ ass
< ‘/j oz

1 oz

^■a *sa aams asiiB

> 2 oz

!Si£

Others you use:

HHHi

SALTY SNACKS
IF you do NOT use this food category, please check here f 1 and go to the NEXT PAGE

How OFTEN do vou use meals/snacks contaiiiing this food item?
1 Salty Snacks

1 oz/pk

2 oz/pk

3 oz/pk

Never or
Rarely

m
Mj.Swcora)

2 to 4
times/m

2 to 3
times/wk

4 to 6
times/wk

Once

2 to 3+
times/d

til

HHsH Chips - potato
M Topcorn w/fat /o:

:

i«Sii 111M1IM iilili

HMia «

^19^ Pretzel (hard)
SHI Others you use:

~ M

i"-,':

GodeMumber
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DESSERTS & SWEETS

272.

I do NOT use this food category

[

] {Go to the NEXT PAGE)

I have USED this food category for:

j[

] < 1 Year

2[

] 1-5 Yrs

3[

] 6-10 Yrs

4[

]>10Yrs

I-Hpvv- OFTENdo $ ou>iusc meals/siiacks containing
Bars & Candy

< 1 item

2 items

Never or
Rarely

> 3 items

2 to 4
times/m

2 to 3
times/wk

4 to 6
times/wk

Once
per /d

2 to 3+
times/d

once
USB

I.unabar

■

SSI?! Clif bar
Wm ^G^anoia:!^

i

HIMI

-

iil

II

ill

Trail Mix bar

m

IH1S Peanut clusters

Olliers you use:

■

. mmA^V

& ■: i

1
a
Frozen Dessert

< Vi cup

1 cup

>l‘/icup ^

m

‘tfiSs a

wm
SESfelS B

s

^8^ Soy ice cream

im SMwliS mil* iS«l

^ iiilf1 iimBi IIBIS liliS

SSli M

HII Others you use:

KH B1

MM

'a'a

M gSEMHIH BHiSB
«a«S
2-in slice
4-in slice
Pies/Puddines

r^-, i-iti’ie

aai

■IS 1
6-in slice

B iliaaB
Never or

1

Rarely

«««S RSB a*«* US^i *
2 to 4
times/m

2 to 3
times/wk

4 to 6
times/wk

Once
per/d

2 to 3+
times/d

: :m-\.

ki

Vegan
Cheesecake
IMi Kgg-less cake
WMM Others you use:

Wm^eteners

-

<2tsp

- «

' 1Tb

> 2 Tb

^

Maple Syrup

M Honey

I

fMSWM Brown Sugar

i

‘

SSS3®Stllf IIH

nffiBtiittBiis wmmem m
mm

C'odc number^
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SECTION THREE
Health, Fitness, & Demographical Information

Please respond to each of the following questions regarding your health, fitness, and
demographical information by checking [/] ONE option, unless otherwise stated.

292.

293.

Which of the following BEST describes your usual PHYSICAL ACTIVITY level?
3[ ] Vigorous Activity
i [ ] Sedentary
2[ ] Moderate Activity
Which of the following BEST describes how frequently you EXERCISE?
i[ ] Never
2[ ] < 3 times/week
3[ ] 3-5 times/week
4[

4[

] Athlete

] > 5 times/week

294.

Which of the following BEST describes how long you exercise in ONE exercise session?
i[ ] 0 to 15 minutes
2[ ] 15 to 30 minutes
3[ ] 30 to 45 minutes
4[ ] >45 minutes

295.

Where have you lived MOST of your life?
5[ ] Outside the US (tropical/hot region)
i[ ] Northern US state/s or Canada
6[ ] Outside the US (temperate/cool region)
2[ ] Southern US state/s
7[ ] Other (Please Specify)______________
3[ ] Eastern US state/s
4[ ] Western US state/s

296.

How much time do you spend OUTDOORS?
i[ ] < 5 hrs/wk
2[ ] 5-6hrs/wk
3[

297.

How often do you smoke or chew tobacco?
i[ ] Never
2[ ] Occasionally
3[

]l-2hrs/d

4[

] 3-5 hrs/d

] A few times per week

4[

5[

] > 5 hrs/d

] Daily

298.

If you have been diagnosed with any of the following, please check all that
7[ ]
4[ ] Osteoporosis
j[ ] Coronary Heart Disease
8[ ]
5[ ] Renal Disease
2[ ] Hypertension
9[ ]
6[ ] Cancer
3[ ] Diabetes

299.

What is your usual weight in pounds? (Please fill in the blank space)

300.

What is your HEIGHT in feet and inches? (Please fill in the blank spaces)

301.

What is your AGE in years?

302.

Are you Hispanic?

303.

Which of the following BEST describes your RACE? (Please check all that apply for mixed races)
4[ ] Asian/Pacific Islander
i [ ] Native American
5[ ] Other (Please Specify)___________________
2[ ] Caucasian
3[ ] African American or Black

304.

Which of the following represents your HIGHEST level of formal EDUCATION?
7[ ] Bachelors Degree
4[ ] Trade School Diploma
i[ ] Grade School
8[ ] Masters Degree
5[ ] Some College
2[ ] Some High School
9[ ] Doctoral Degree
6[ ] Associate Degree
3[ ] High School Diploma

305.

What is your GENDER?

[

]

No

2[

[

]

]

apply.
Rheumatoid Arthritis
Anorexia Nervosa
None of the above
lbs
ft

in

Yes

Female
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2[

]

Male

If you are a MALE, you have reached the end!
Please go to the last page for mailing instructions.

306.

At what age did your menstrual cycle begin?
3[ ] 11 years
i[ ] 9 years or less
4[ ] 12 years
2[ ] 10 years

5[
r6[

7[
8[

] 13 years
] 14 years

] 15 years
] >15 years

307.

Do you currently use oral contraceptives?
,[ ] No
2[ ] Yes

308.

Have you ever been pregnant (including pregnancies resulting in still birth, miscarriage, or abortion)?
i [ ] No (go to question 312)
2[ ] Yes

309.

How many pregnancies have you had (include those resulting in still birth, miscarriage, or abortion)?
6[ ] >5
2[ ] 2
3[ ] 3
4[ ] 4
s[ ] 5
[ ] 1

310.

What feeding method have you used the MOST to feed your baby/ies during the first 6 months of life?
2[ ] Only Formula feeding
3[ ] Both breastfeeding & formula feeding
i [ ] Exclusive breastfeeding

311.

Are you currently pregnant?
,[ ] No
2[ ] Yes

312.

Which of the following BEST describes your current Menstrual/Menopausal status?
i [ ] Still Menstruating (You have reached the end! Please go to the last page for mailing instructions).
2[ ] Going through Menopause
3[ ] Post-Menopausal

313.

Which of the following BEST describes how your menopause began?
3[ ] Radiation or Chemotherapy
[ ] Natural Menopause
2[ ] Surgery

4[

314.

Do you currently use Hormone Replacement Therapy?
i [ ] No (You have reached the end! Please go to the last page for mailing instructions)
2[ ] Yes

315.

What kind of hormone replacement therapy do you use?

316.

How long have you used hormone replacement therapy?

Years

Months

Survey Number
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] Don’t Know

HURRAY...YOU HAVE MADE IT TO THE END!
Ji

t'

■

I

*'

THANK YOU
-- For taking the time to complete the survey -Please take a moment to make sure you have completed all relevant questions
— Be assured that all information you have recorded will be kept confidential -Please use the postage-paid envelope provided for mailing the completed survey to:
The Vegan Nutrition Study
Attn: Patricia Dyett
Department of Nutrition
School ofPublic Health
Loma Linda University
Loma Linda, CA 92350
We anxiously await your questionnaire responses!

-We welcome any suggestions or comments about the questionnaire -
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Appendix C
Institutional Review Board Approval
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INSTITUTIONAL REVIEW BOARD

| OSR #

54094 |

Initial Approval Notice - Expedited Review
OFFICE OF SPONSORED RESEARCH • 11188 Anderson Street • Lome Linda, CA 92350
(909) 558-4531 (voice) • (909) 558-0131 (fax)

To:
Department:
Protocol:

Sabate, Joan
r
Nutrition
Developing a valid screening tool for assessing nutritional adequacy and
osteoporosis among vegans in the United States

This study was reviewed and approved administratively on behalf of the IRB. This decision includes the
following determinations:
1. Risk to research subjects: Minimal
2. Approval period begins 05/04/2004 and ends 05/03/2005.
3. Stipulations of approval are: (None Specified)

Consent Form
If a written consent form is required, approval will be indicated by the affixed IRB approval stamp. This
now becomes your official consent form for the dates specified and should be used as a master for
making the necessary copies.

Adverse Events / Protocol Changes
The IRB should be notified in writing of any modifications to the approved research protocol. All adverse
effects, anticipated or not, should be reported to the IRB: serious events should be reported within seven
days; all others within 15 days.

Protocol Review
To assure uninterrupted approval of this project, you are required to complete and return a status report
at least two weeks prior to the approval end-date indicated above. (See http://research.llu.edu - select
"IRB Tools for Investigators", then "Research Report Form.”) In addition to requesting a renewal, you
may also use the Research Report Form to close the study.

Records
All records relating to this project, including signed consent forms, must be kept on file for three years
following completion of the study.
Please note the Pi's name and the OSR number assigned your IRB application (as indicated
above) on any future communications with the IRB about this project. Direct all communications
to the IRB c/o the Office of Sponsored Research.
Thank you for your cooperation in LLU's shared responsibility for the ethical use of human subjects in research
Signature of IRB Chair/Designee:.

^ jL

Loma Linda University Adventist Health Sciences Center holds Federalwide Assurance (FWA) No. 6447 with the U.S. Office for Human Research Protections, and the
IRB registration no. is IORG226. This Assurance applies to the following institutions: Loma Linda University, Loma Linda University Medical Center (including Loma
Linda University Children's Hospital, LLU Community Medical Center), Loma Linda University Behavioral Medicine, and affiliated medical practices groups.
IRB Chair:
Rhodes L. Rigsby, M.D.
Department of Medicine
(909) 558-2341, rrigsby@ahs.llumc.edu

IRB Administrator:
Linda G. Halstead, M.A., Director
Office of Sponsored Research
Ext. 43570, Fax 80131, lhalstead@univ.llu.edu
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IRB Specialist:
Anuradha Job, MPH
Office of Sponsored Research
Ext 87130, Fax 80131, ajob@univ.llu.edu
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Informed Consent Forms
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J^oma jQnda University
School of Public Health

Loma Linda, California 92350
(909) 558-4546
FAX: (909) 558-4087

LLU VEGAN NUTRITION STUDY CONSENT FORM1
Dear Vegan/ Total Vegetarian
The willingness of volunteers to participate in the vegan screening study is greatly appreciated. This is a
student doctorate project, and this consent form therefore serves to protect your interests with regard to
the study, and to convey our respect for your decision. A summary of study elements is provided below.
Title of Protocol: Developing a valid screening tool for assessing nutritional adequacy and osteoporosis
risk among vegans in the United States.
Purpose and Procedures of Study: You are invited to participate in this study because you are a
vegan/total vegetarian. The objectives of this research are to develop, validate, and determine the
screening potential of a food frequency questionnaire for vegans, by assessing nutritional adequacy
against the U.S. Dietary Reference Intakes. The duration of the study is 9 months (Spring 2004 to Winter
2005). Participants are required to be 25-75 years old; complete one food frequency questionnaire at the
beginning of the study period, and do three telephone-conducted 24-hr diet recalls lasting for about 45
minutes each. The recalls will be administered two months apart by a trained diet interviewer.
Potential Risks: The committee at Loma Linda University that reviews human studies (Institutional
Review Board) has detennined that participating in this study exposes you to minimal (if any) risk.
Benefits: The benefits to you include nutrition assessment. The benefits to humanity include availability
of a screening tool that would effectively assess nutritional adequacy among U.S. vegans.
My initials below certify that I have read this page of the consent form.

/
Initials of Subject

/

LOMA LINDA UNIVERSITY

Date

INSTITUTIONAL REVIEW BOARD
APPROVEO-yl u.\ oy VOID AFTER

#'r~>voq if-rUtAfFt'' fc -i

Page 1 of 2

A SEVENTH-DAY ADVENTIST HEALTH SCIENCES INSTITUTION
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LLU VEGAN NUTRITION STUDY CONSENT FORM1
Tide of Protocol: Developing a valid screening tool for assessing nutritional adequacy and osteoporosis
risk among vegans in the United States.

Participants’ Rights: Participation in this study is voluntary. Therefore you are free to decide whether
you wish to continue or terminate participation, at any time.
Costs & Reimbursements: There is no cost to you for participating in this study. In fact, you will be
paid the sum of $ 25.00 for your participation. However, premature withdrawal from the study may limit
or forfeit this benefit.
Confidentiality: All names and contacts will be kept confidential. Any published document resulting
from this study will not disclose your identity. And all your nutrition assessment and screening reports
will be delivered directly to you.
Contact: If you have any questions about the study, please feel free to contact the Nutrition Assessment
Laboratory, Room A101, Loma Linda University, Loma Linda, CA, 92350
Phone: (909) 558 4300 ext. 47179. Email: veganstudv@,sph.llu.edu
Impartial Third Party Contact: “If you wish to contact an impartial third party not associated with this
study regarding any question or complaint you may have about the study, you may contact the Office of
Patient Relations, Loma Linda University medical Center, Loma Linda, CA 92354, phone (909) 5584647 for information and assistance.”
Informed Consent Statement: I have read the contents of the consent form and have listened to the
verbal explanation given by the investigator. My questions concerning this study have been answered to
my satisfaction, and I have been given a copy of this consent form. I hereby give voluntary consent to
participate in this study. Signing this consent does not waive my rights nor does it release the
investigators, institution, or sponsors from their responsibilities.

/
Signature of Subject

/

Date

Signature of Witness

“I have reviewed the contents of the study and this consent form with the person signing above. I have
explained potential risks and benefits of the study.”

/
Signature of Investigator

Phone Number

Page 2 of 2
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Date

/

J^mtA jQnda ^University
School of Public Health

LLU VEGAN NUTRITION STUDY CONSENT FORM2

Loma Linda, California 92350
(909) 558-4546
Fax: (909) 558-4087

Dear Vegan/ Total Vegetarian
The willingness of volunteers to participate in the vegan screening study is greatly appreciated. This is a
student doctorate project, and this consent form therefore serves to protect your interests with regard to
the study, and to convey our respect for your decision. A summary of study elements is provided below.
Title of Protocol: Developing a valid screening tool for assessing nutritional adequacy and osteoporosis
risk among vegans in the United States.
Purpose and Procedures of Study: You are invited to participate in this study because you are a
vegan/total vegetarian. The objectives of this research are to develop, validate, and determine the
screening potential of a food frequency questionnaire for vegans, by assessing nutritional adequacy
against the U.S. Dietary Reference Intakes, and by comparing specific nutrition assessment to test values
for osteoporosis risk. The duration of the study is 9 months (Spring 2004 to Winter 2005). Participants
are required to be 35-75 year old females: complete one food frequency questionnaire at the beginning of
the study period, and do three telephone-conducted 24-hr diet recalls lasting for about 45 minutes each.
The diet recalls will be administered three months apart by a trained diet interviewer. Participants are
also needed to reside or stay in or near the Inland Empire, California, anytime during scheduled screening
periods (Summer/Fall 2004), in order to obtain one simple! 0-minute heel ultrasound bone test conducted
at Loma Linda University, by the doctoral student researcher. This test will be accompanied by an
auxiliary anthropometric test of fat content using the Tanita Scale.
Potential Risks: The committee at Loma Linda University that reviews human studies (Institutional
Review Board) has detennined that participating in this study exposes you to minimal (if any) risk.
Benefits: The benefits to you include nutrition assessment, and osteoporosis risk screening. The
benefits to humanity include availability of a screening tool that would effectively assess nutritional
adequacy among U.S. vegans, and which may also be able to screen for osteoporosis risk.
My initials below certify that I have read this page of the consent form.

/
Initials of Subject

/

Date
LOMA LINDA UNIVERSITY
INSTITUTIONAL REVIEW BOARD
APPROVED-^T
oy VOID AFTER
yCMktf? k -rl

Page 1 of 2
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LLU VEGAN NUTRITION STUDY CONSENT FORM2
Tide of Protocol: Developing a valid screening tool for assessing nutritional adequacy and osteoporosis
risk among vegans in the United States.
Participants’ Rights: Participation in this study is voluntary. Therefore you are free to decide whether
you wish to continue or terminate participation, at any time.
Costs & Reimbursements: There is no cost to you for participating in this study. In fact, you will be
paid the sum of $ 25.00 for your participation. However, premature withdrawal from the study may limit
or forfeit this benefit.
Confidentiality: All names and contacts will be kept confidential. Any published document resulting
from this study will not disclose your identity. And all your nutrition assessment and screening reports
will be delivered directly to you.
Contact: If you have any questions about the study, please feel free to contact the Nutrition Assessment
Laboratory, Room A101, Loma Linda University, Loma Linda, CA, 92350
Phone: (909) 558 4300 ext. 47179. Email: veganstudv@sph.llu.edu
Impartial Third Party Contact: “If you wish to contact an impartial third party not associated with this
study regarding any question or complaint you may have about the study, you may contact the Office of
Patient Relations, Loma Linda University medical Center, Loma Linda, CA 92354, phone (909) 5584647 for information and assistance.”
Informed Consent Statement: I have read the contents of the consent form and have listened to the
verbal explanation given by the investigator. My questions concerning this study have been answered to
my satisfaction, and I have been given a copy of this consent form. I hereby give voluntary consent to
participate in this study. Signing this consent does not waive my rights nor does it release the
investigators, institution, or sponsors from their responsibilities.

/
Signature of Subject

/

Date

Signature of Witness
“I have reviewed the contents of the study and this consent form with the person signing above. I have
explained potential risks and benefits of the study.”

/
Signature of Investigator

Phone Number

Page 2 of 2
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Date

/

Appendix E
Vegan Study Recruitment Flyers
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Attention ALL VEGANS
& TOTAL VEGETARIANS!
If you are 25 to 75 years old
WE NEED YOU...
To be a part of our unique Vegan Nutrition Study

Sponsoring Institution:

Department of Nutrition, Loma Linda University, California -For Student Doctorate Project

Only Required
Participant Activities:
•
•

Study Period

Completion of 3 telephone-conducted diet-recall interviews
Completion of 2 food frequency questionnaires

Spring 2004 through Winter 2005

Benefits of Study:
•
•

FREE Nutrition Assessment
A reasonable CASH appreciation

We know you are interested. So please contact us at: Telephone:
Email:

(909) 558 4300 ext 47179
veganstudv@sph.Ilu.edu

LOMA LINDA UNIVERSITY
INSTITUTIO NAL REVIEW BOARD
APPROVED -s'iiil o.j VOID AFTC R
GKAnr fa.
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Attention ALL Female VEGANS
& TOTAL VEGETARIANS!
If you are you 35 to 75 years
AND'
•
•
•
•
•
•

You never had an OSTEOPOROSIS test or diagnosis before
You do not SMOKE
You do not drink ALCOHOL
You do not take Hormone Replacement Therapy
You live within the Inland Empire, California ... OR
You will be in or near the Loma Linda area during screening dates

WE NEED YOU...
For our unique Vegan Screening Study

Sponsoring Institution:

Department of Nutrition, Loma Linda University, California -For Student Doctorate Project

Only Required
Participant Activities'.
•
•
•
Study Period:
Screening Period:

Completion of 3 telephone-conducted diet-recall interviews
Completion of 2 food frequency questionnaires
1 simple heel ultrasound
Spring 2004 through Winter 2005
Scheduled between July 2004 and December 2004

Benefits of Study:
•
•
•

FREE Nutrition Assessment •
FREE Osteoporosis Screening
A reasonable CASH appreciation

We know you are interested. So please contact us at: Telephone:
Email:

(909) 558 4300 ext 47179
veganstudv@sph.llu.edu

LOMA LINDA UNIVERSITY
INSTITUTIONAL REVIEW BOARD
APPROVED<r> illov/ VOID AFTER
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GANTT CHART: VEGAN STUDY
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VEGAN STUDY GIFT CALENDAR (2005)
“Then God
said, I give you
every seedbearing plant
on the face of
the whole
earth; and
every tree that
has fruit with
seed in it. They
will be yours
forfood.” NIV
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per 'A cup
per 1 oz
per 1 oz
1Tb

0.5-1.5 per 14 cup
0.5-1.0 per 1 oz

IRON (mg)
Cooked Legumes — beans, lentils (1.7-3.3 per 14 cup)
Tempeh, tofu, veggie meat, soymilk, soybeans: (0.4-6.6 per serv.)
Nuts/peanuts/seeds, & their butters
(0.6-5.2 per 'A cup nuts/seeds or per 2Tb butters)
Breads, cereals, grains
(0.9 per 1 slice bread) - (18.0 per loz dry cereal)
Dried Fruit (1.1 -1.5 per 14 cup)
Bok choy, kale, broccoli, mushroom, potato, green beans
(0.6-2.3 per 14 cup)
Blackstrap molasses (3.5 per 1 Tb)

15

December
F
S

31

LINOLENIC ACID (s)
Canola oil
1.3-1.6 per 1 Tb
Ground Flaxseed 1.9-2.2 per 1 Tb
Flaxseed oil
2.7 per 1 tsp
Soybean oil
0.9 per 1Tb
Cooked Soybean 1.0 per 14 cup
Tofu
0.7 per 14 cup
Walnuts
2.7 per 'A cup

ZINC (mg)
Tempeh, tofu, veggie meat, soymilk, soybeans:
(0.5-2.3 per serving)
Legumes - beans, lentils (0.9-2.3 per 14 cup)
Nuts/Seeds & their butters (0.9-1.8 per serving)
B reads/cereals/Grains
(0.5 per slice bread) - (15.0 per 1 oz dry cereal)
Vegetables: Mushrooms, Peas (0.7-1.0 per 14 cup)

Patricia's Quickie Cashew Spread

CALCIUM (mg)
Tempeh, tofu, veggie meat, soymilk, soybean
(60-430 per serving)
Cooked Legumes - Beans (40-64 per 14 cup)
Almonds & Butter, Tahini (88-128 per serving)
Dried Figs (137 per 5), Orange (74 per 1)
Fortified Orange Juice (150 per 14 cup)
Veggies: Bok Choy, Broccoli, Collards, Kale, Okra
(79-239 per leup)
Blackstrap molasses (172 per 1 Tb)
Fortified Dry Cereal (55-315 per 1 oz)

fifths 1:

2 cups raw unsaited cashew nuts
1 cup tofu
14 cup carrots (grated)
1/8 cup bell peppers
1.5 tsp onion powder
.If
1 tsp garlic powder
•L
3 tsp lemon juice

Place all ingredients in a food
processor. Process until smooth.
Just spread on bread or crackers!
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Vegan Food Sources of Important Nutrients (USDA)
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VITAMIN B12 (meg)
FortifiedSoymilk/Non-dairy milk
Fortified Cereals (Dry)
Fortified Veggie Meats
Nutritional Yeast (Red Star)
Vitamin D (meg)
Fortified Soymilk/Non-dairy milk
Fortified Cereals (Dry)
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7
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22

Genesis 1:29

January
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Appendix H
Budget
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UNIVERSITY LIBRARY
LOMA LINDA, CALIFORNIA
VEGAN STUDY BUDGET

DIRECT BUDGET COSTS

JUSTIFICATION

EXPENDITURE

TOTAL

Versions 4.06 & 5.0
@ $500.00 per software

500.00

1000.00

Recalls #1-3
@ $0.10 per min

255.00

765.00

600.00

600.00

2 NDS-R Grad Packs

306 25-minute Telephoneconducted Interviews

CUBA System

... ,

VJ.TJ. ,

CUBA rental
@ $600.00 per rental
Supplies
2 tubes ultrasound gel
@ $3.00 per tube
1 container lysol wipes
1 roll paper towel
264 large envelopes
@ $0.25 per envelope
100 small envelopes
@ $0.10 per envelope
132 manila folders
132 address labels
132 FFQ covers
102 ‘Thank You’ cards
@ $5.00 per pack

6.00
3.00
2.00
66.00
10.20
30.00
4.00
5.00
5.00

131.20

2550.00

2550.00

Cash Incentives
102 checks
@ $ 25.00 per subject
FFQ Postage (+ return)

ISlilf! 1 ..

mwm

IS

Postage for 132 FFQ
@ $0.83 per envelope

Postage for 102 incentives

219.12

219.12

61.12

61.12

■■■■■■■■■■■■■■■■■■■I
Postage for Incentives
@ $0.60 per envelope

Miscellaneous
Follow-up calls
Extra FFQs mailed
PaperAYriting Pads
GRAND TOTAL
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m

200.00
5526.44

